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WATERSHED  CHARACTERIZATION 

The  intent  of  this  Appendix  is  to  put  Lake  Helena  and  its  tributaries  into  context  with  the  watershed  in 
which  they  occur.  This  section  provides  the  reader  with  a  general  understanding  of  the  environmental 
characteristics  of  the  watershed  that  may  have  relevance  to  the  303(d)  listed  water  quality  impairments. 
This  section  also  provides  some  detail  regarding  those  characteristics  of  the  watershed  that  may  play  a 
significant  role  in  pollutant  loading  (e.g.,  geographical  distribution  of  soil  types,  vegetative  cover,  land 
use). 

A.l      Physical  Characteristics 

The  following  sections  of  the  document  describe  the  physical  characteristics  of  the  watershed,  such  as  its 
location,  climate,  hydrologic  features,  and  land  use/land  cover. 

\.l. I     Location 

The  Lake  Helena  watershed  is  located  in  west-central  Montana,  encompassing  an  area  of  nearly  620 
square  miles  (Figure  A-l,  Figure  A-2).  The  watershed  is  bounded  by  the  Continental  Divide  on  the  west, 
and  by  the  Elkhorn  Mountains  located  to  the  southeast.  In  general,  the  streams  exhibit  a  dendritic  pattern, 
flowing  towards  Lake  Helena  and  the  Missouri  River  in  the  northeastern  part  of  the  watershed.  The  three 
major  drainages  of  the  watershed  include  Silver,  Tenmile  and  Prickly  Pear  creeks.  Major  tributaries 
include  Sevenmile  Creek  (Tenmile  drainage),  and  Warm  Springs  Creek,  Lump  Gulch,  Clancy  Creek,  and 
McClellan  Creek.  (Prickly  Pear  drainage).  The  mountainous  areas  of  the  watershed  are  part  of  the 
Northern  Rockies  ecoregion  while  the  Helena  Valley  area  surrounding  Lake  Helena  is  part  of  the 
Montana  Valley  and  Foothill  Prairies  ecoregion  (Omernik,  1987).  Approximately  68  percent  of  the 
watershed  is  located  within  Lewis  and  Clark  County,  and  the  remaining  32  percent  lies  within  Jefferson 
County  (Figure  A-3).  Montana's  capitol  city,  Helena,  is  located  near  the  center  of  the  watershed. 

The  average  elevation  in  the  watershed  is  5,085  feet.  Elkhorn  Peak  is  the  highest  point,  with  an  elevation 
of  9,379  feet  above  mean  sea  level.  The  minimum  elevation  is  3,654  feet  at  the  surface  of  Lake  Helena. 
The  watershed  is  part  of  the  Upper  Missouri  Watershed  (USGS  8-digit  hydrologic  cataloging  unit  number 
10030101)  and  includes  the  following  4th-field  code  identifiers:  120,  130,  140,  and  150. 
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Figure  A-l.        City  of  Helena  and  the  Lake  Helena  watershed. 


Figure  A-2.        Lake  Helena  and  the  Lake  Helena  Valley. 
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Figure  A-3.         Location  of  the  Lake  Helena  watershed. 
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A.1.2     Climate 

Climate  in  the  Lake  Helena  watershed  is  classified  as  modified  continental.  It  is  characterized  by  cold 
weather  from  November  through  February,  with  temperatures  dropping  to  zero  and  below  (Fahrenheit), 
and  moderate  temperatures  in  the  summer,  with  measurements  typically  under  90  degrees  and  rarely 
reaching  100  degrees.  Temperatures  fluctuate  significantly  from  day  to  night.  Most  of  the  precipitation 
occurs  from  April  through  July,  and  June  is  generally  the  wettest  month  of  the  year.  Precipitation  occurs 
primarily  as  winter  snow  and  spring  rains.  Summer,  fall,  and  winter  months  are  relatively  dry,  but  from 
April  to  September  precipitation  varies  greatly.  Snowfall  occurs  from  September  through  May. 

The  National  Oceanic  and  Atmospheric  Administration's  National  Climatic  Data  Center  (NCDC)  stores 
and  distributes  weather  data  gathered  by  the  Cooperative  Observer  Network  (COOP)  throughout  the 
United  States.  There  are  three  active  weather  stations  located  in  the  Lake  Helena  watershed  as  shown  in 
Figure  A-4  and  listed  in  Table  A-l. 

Figure  A-5  illustrates  average  maximum  and  minimum  temperatures,  and  Figure  A-6  shows  average 
precipitation  throughout  the  year  for  the  Helena  WSO  station  (NOAA  Cooperative  station  number 
244055-4).  Likewise,  Figure  A-7  and  Figure  A-8  show  average  maximum  and  minimum  temperatures 
and  average  precipitation,  respectively,  throughout  the  year  for  the  Austin  1  W  station  (NOAA 
Cooperative  station  number  240375).  The  Helena  station  is  located  in  the  valley  region  of  the  watershed 
at  an  elevation  of  3,830  feet  and  the  Austin  station  is  located  at  a  higher  elevation  of  4,790  feet  in  a  more 
mountainous  region. 


Table  A-l.  Active  NOAA  climate  stations  in  the  Lake  Helena  watershed. 


Station  Name 

Coop-ID 

Elevation  (ft) 

Austin  1  W 

240375-4 

4,790 

Helena  WSO 

244055-4 

3,830 

Rimini  4  NE 

247055-4 

4,700 

Total  annual  average  precipitation  and  annual  average  snowfall  at  the  Helena  station  are  1 1.8  inches  and 
50.3  inches,  respectively.  Average  temperatures  at  this  station  range  from  a  maximum  of  83.8  °F  in  July 
to  a  minimum  of  1 1.1  °F  in  January.  At  the  Austin  station,  total  annual  average  precipitation  is  15.9 
inches  and  annual  average  snowfall  is  62.8  inches.  Average  temperatures  at  this  station  range  from  a 
maximum  of  8 1 . 1  °F  in  July  to  a  minimum  of  1 1 .3  °F  in  January. 
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Figure  A-4.         Location  of  climate  stations  in  the  Lake  Helena  watershed. 
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Figure  A-5.         Average  maximum  and  minimum  temperatures  for  Helena  WSO,  MT,  Station 

244055. 
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Figure  A-6.         Average  precipitation  for  Helena  WSO,  MT,  Station  244055. 
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Figure  A-7.         Average  maximum  and  minimum  temperatures  for  Austin  1  W,  MT,  Station 

240375. 


Figure  A-8.         Average  precipitation  for  Austin  1  W,  MT,  Station  240375. 
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A.1.3     Topography 

Figure  A-9  displays  the  general  topography  within  the  Lake  Helena  watershed,  and  a  shaded  relief  map  of 
the  watershed  is  presented  in  Figure  A- 10.  As  seen  in  Figure  A-9,  elevations  are  highest  in  the  southern 
and  western  portions  of  the  watershed  and  range  from  6,000  to  9,338  feet  above  mean  sea  level.  The 
watershed's  highest  point,  Elkhorn  Peak,  is  located  in  the  southeastern  corner.  The  lowest  elevations  are 
found  in  the  northeastern  part  of  the  watershed  in  the  Helena  Valley  surrounding  Lake  Helena,  where 
elevation  reaches  a  minimum  of  3,654  feet  above  mean  sea  level.  The  average  elevation  in  the  watershed 
is  5,085  feet. 
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Figure  A-9.  Elevation  in  the  Lake  Helena  watershed. 
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Figure  A-10.        Shaded  relief  map  of  the  Lake  Helena  watershed. 
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A.1.4     Soils 

Soils  data  and  GIS  coverages  from  the  Natural  Resources  Conservation  Service  (NRCS)  were  used  to 
characterize  soils  in  the  Lake  Helena  watershed.  General  soils  data  and  map  unit  delineations  for  the 
United  States  are  provided  as  part  of  the  State  Soil  Geographic  (STATSGO)  database.  GIS  coverages 
provide  accurate  locations  for  the  soil  map  units  (MUIDs)  at  a  scale  of  1:250,000  (USDA,  1995).  A  map 
unit  is  composed  of  several  soil  series  having  similar  properties.  Identification  fields  in  the  GIS 
coverages  can  be  linked  to  the  database  that  provides  information  on  chemical  and  physical  soil 
characteristics.  Figure  A-l  1  shows  the  general  map  unit  boundaries  in  the  Lake  Helena  watershed,  and 
the  following  sections  summarize  relevant  soils  data. 


Watershed  Characterization  A-11 


Lake  Helena  Watershed  Planning  Area 


Appendix  A 


NHD  Streams 
I     1  Cities 
D    Towns 

]  Lake  Helena  Watershed 
STATSGO  Map  Units 
^B  CHINOOK-BROCKWAY-ASSINNIBOINE  (MT130 

■  COWOOD-HANKS-COMAD  (MT140) 
CRITTENDEN-TWILIGHT  FAMILY-CASTNER  (MT149 
FARNUF  FAMILY-BAXENDALE-MOCMONT  (MT033) 

■■  GARLET-ROCK  OUTCROP-CRYOBOROLLS  (MT485) 

GARLET-WOROCK-MAURICE  (MT220) 
H  GEOHROCK-SIEBEN-CRAGO  (MT221) 

■  HOLTER-CASTNER-WINDHAM  (MT284) 
■■  JUDITH-JUDELL-LAP  (MT295) 

MUSSELSHELL-AMESHA-SAPPINGTON  (MT408) 
NIPPT-ATTEWAN-BINNA  (MT430) 
PEELER-COMAD-COWOOD  (MT441 ) 
PEELER-WOODGULCH-ELBETH  (MT653) 
PERMA-HOLTER-TOLMAN  (MT448) 
RIVRA-HAVRE-GLENDIVE  (MT479) 
STEMPLE-MOCMONT-HELMVILLE(MT546) 
0  TOLEX-MOCMONT-CASTNER  (MT576) 
TOLMAN-HAUZ-SIEBEN  (MT577) 
VILLY-MEADOWCREEK-FAIRWAY  (MT394) 
^B  WATER 

■  WEINGART-ASSINNIBOINE-MEGONOT  (MT620) 

■  WHITECOW-WINDHAM-MOCMONT  (MT625) 
■■  WINDHAM-LAP-MAIDEN  (MT641 ) 

■  WOROCK-GARLET-DANAHER  (MT662) 


10    Miles 


Figure  A-ll.      General  soil  units  in  the  Lake  Helena  watershed. 
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A.  1.5     Universal  Soil  Loss  Equation  (USLE)  K-factor 

A  commonly  used  soil  attribute  is  the  K-factor,  which  is  a  component  of  the  Universal  Soil  Loss  Equation 
(Wischmeier  and  Smith,  1978).  The  K-factor  is  a  dimensionlcss  measure  of  a  soil's  natural  susceptibility 
to  erosion,  and  factor  values  may  range  from  0  for  water  surfaces  to  1.00.  In  practice,  maximum  factor 
values  generally  do  not  exceed  0.67.  Large  K-factor  values  reflect  greater  inherent  soil  erodibility.  The 
distribution  of  K-factor  values  in  the  Lake  Helena  watershed  is  shown  in  Figure  A- 12.  The  figure 
indicates  that,  on  average,  all  of  the  soils  in  the  watershed  have  K-factors  ranging  from  0. 1  to  0.36, 
suggesting  moderate  soil  erosion  potential.  The  figure  also  shows  that  the  potential  for  erosion  is  greater 
in  the  soils  of  the  Helena  Valley  than  in  the  soils  of  the  headwaters.  Actual  erosion  is  influenced  by  other 
factors,  including  rainfall  and  runoff,  land  slope,  vegetation  cover,  and  land  management  practices. 

A.1.6     Hydrologic  Soil  Group 

NRCS  has  defined  four  hydrologic  soil  groups  (Table  A-2).  The  hydrologic  soil  group  classification  is  a 
means  for  grouping  soils  by  similar  infiltration  and  runoff  characteristics  during  periods  of  prolonged 
wetting.  Typically,  clay  soils  that  are  poorly  drained  have  the  worst  infiltration  rates,  while  sandy  soils 
that  are  well  drained  have  the  best  infiltration  rates.  Data  for  the  Lake  Helena  watershed  were  obtained 
from  STATSGO  (NRCS,  2001 ).  The  data  were  summarized  based  on  the  major  hydrologic  group  in  the 
surface  layers  of  the  map  unit  and  are  displayed  in  Figure  A- 13.  Soils  in  the  Lake  Helena  watershed  are 
classified  as  B  and  C,  described  as  having  moderate  to  slow  infiltration  rates  when  saturated. 


Table  A-2.  Hydrologic  soils  group  descriptions. 

Hydrologic  Soils 
Group 

Description 

A 

Soils  with  high  infiltrations  rates    Usually  deep,  well  drained  sands  or 
gravels.  Little  runoff. 

B 

Soils  with  moderate  infiltration  rates.  Usually  moderately  deep,  moderately 
well  drained  soils. 

C 

Soils  with  slow  infiltration  rates.  Soils  with  finer  textures  and  slow  water 
movement. 

D 

Soils  with  very  slow  infiltration  rates.  Soils  with  high  clay  content  and  poor 
drainage.  High  amounts  of  runoff. 

Watershed  Characterization 


A-13 


Lake  Helena  Watershed  Planning  Area 


Appendix  A 


N 


1       |  Lake  Helena  Watershed 

Major  Streams 
|B  Lakes 
Average  K  factor 
0.103-0.134 
0.134-0.171 
0.171  -0.202 
|  0.202  -  0.255 
I  0.255-0.361 


10    Miles 


Figure  A-12.      Distribution  of  the  USLE  K-faetor  in  the  Lake  Helena  watershed. 
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Figure  A-13.      Distribution  of  hydrologic  soil  groups  in  the  Lake  Helena  watershed. 
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A. 1.7     Hydrology 

Surface  water  enters  the  Helena  Valley  principally  from  Prickly  Pear  Creek,  Tenmile  Creek,  Silver  Creek, 
and  from  irrigation  water  that  is  diverted  from  the  Missouri  River.  Diversions  from  the  Missouri  River  to 
the  Helena  Valley  via  the  Helena  Valley  Regulating  Reservoir  account  for  an  average  of  about  87,000 
acre-feet  per  year  of  additional  inflow  into  the  watershed.  The  Helena  Valley  Irrigation  District  uses  most 
of  this  volume  of  water  for  irrigation,  while  the  City  of  Helena  uses  up  to  5,680  acre-feet  of  water  per 
year  water  from  the  regulating  reservoir  for  municipal  and  industrial  purposes.  The  City  of  Helena  is 
proposing  to  increase  its  use  of  Missouri  River  water  to  1 1,300  acre-feet/year  and  the  Helena  Valley 
Irrigation  District  is  proposing  to  expand  its  irrigated  acreage  from  15,608  acres  to  about  18,200  acres 
(USBR,  2004). 

A.  1.8     Water  Bodies 

The  reservoirs  and  streams  within  the  Lake  Helena  watershed  are  shown  in  Figure  A- 14.  Most  surface 
water  in  the  Helena  Valley  flows  towards  Lake  Helena.  The  principal  surface  and  groundwater  discharge 
point  is  Lake  Helena  (Kendy  et  al.,  1998).  Lake  Helena  is  a  shallow  water  body  at  the  base  of  the  Helena 
Valley.  The  surface  area  is  approximately  3.2  square  miles,  or  2,072  acres.  The  water  elevation  of  Lake 
Helena  is  partly  controlled  by  Hauser  Lake,  a  reservoir  located  to  the  north  and  east  of  Lake  Helena  on 
the  Missouri  River.  When  Hauser  Dam  was  constructed  on  the  Missouri  River,  the  wetlands  in  the  lower 
reaches  of  Silver  and  Prickly  Pear  creeks  were  flooded  which  created  Lake  Helena.  Hauser  Lake  was 
impounded  in  1907,  and  an  earthen  causeway  and  control  mechanisms  were  constructed  in  1945  to 
separate  Hauser  Lake  and  Lake  Helena,  allowing  the  two  to  be  regulated  independently.  The  level  of 
Hauser  Lake  is  controlled  for  power  generation,  and  the  flow  between  the  two  reservoirs  depends  on  the 
level  of  Lake  Helena  relative  to  that  of  Hauser  Lake.  Net  flow  between  the  two  reservoirs  is  from  Lake 
Helena  to  Hauser  Lake,  but  flow  frequently  reverses  (Shields,  et.  al.,  1995).  In  1912,  the  Montana 
Reservoir  and  Irrigation  Company  erected  pumping  plants  on  the  north  and  south  shores  of  Lake  Helena 
for  an  irrigation  system  to  serve  the  valley.  The  company  operated  the  pumps  and  delivered  water  until 
the  late  1940s  (Kendy  et  al.,  1998). 

Major  tributaries  discharging  to  Lake  Helena  include  Prickly  Pear  Creek,  Tenmile  Creek,  Silver  Creek 
and  their  tributaries.  Lake  Helena  also  receives  inflow  from  irrigation  tile  drains  on  the  south,  west  and 
north  and,  seasonally,  from  the  Helena  Valley  Irrigation  Canal  on  the  west  and  from  the  Missouri  River 
(Hauser  Lake)  backwater  on  the  east  (Kendy  et  al.,  1998).  The  Silver  Creek  drainage  is  intermittent 
where  it  enters  the  Helena  Valley  and  its  channel  has  been  relocated  as  a  result  of  development  activities. 
Silver  Creek  flows  from  west  to  east  across  the  Helena  Valley  as  a  constructed  ditch  and  most  of  its  flow 
where  it  enters  Lake  Helena  consists  of  groundwater  tile  drainage  from  the  west  and  north  portions  of  the 
Helena  Valley. 

Individual  domestic  and  community  water  supply  wells  are  present  in  shallow  aquifers  of  the  valley  and 
are  partially  recharged  by  infiltrated  irrigation  water  and  septic  systems,  both  of  which  can  affect  the 
quality  of  the  water  in  the  shallow  aquifer.    Some  of  the  irrigation  water  returns  as  surface  drainage  to 
Lake  Helena  (Kendy  et  al.,  1998). 

The  Helena  Valley  Irrigation  District  contracts  with  the  Bureau  of  Reclamation  for  water  for  agricultural 
irrigation,  and  the  City  of  Helena  contracts  water  for  municipal  and  industrial  uses.  The  water  is 
delivered  from  Canyon  Ferry  Reservoir  through  the  Helena  Valley  pumping  plant,  tunnel  and  feeder 
canal.  The  water  is  stored  in  the  Helena  Valley  Regulating  Reservoir  and  made  available  to  meet  the 
demands  of  the  irrigation  district  and  the  city  (USBR,  2004).  The  City  withdraws  its  water  from  the 
regulating  reservoir  by  a  pipeline  to  the  Missouri  River  treatment  plant.  The  Helena  Valley  Canal 
distributes  water  from  the  regulating  reservoir.  This  canal,  show  in  Figure  A- 14  and  Figure  A- 15,  nearly 
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encircles  the  Helena  Valley  alluvial  plain,  and  water  is  distributed  to  the  central  part  of  the  Helena  Valley 
through  an  extensive  network  of  lateral  canals  (USGS,  2001 ).  The  Helena  Valley  Regulating  Reservoir, 
located  3.5  miles  west  of  Canyon  Ferry  Dam  on  the  Missouri  River,  can  store  up  to  10,451  acre-ft  of 
water. 

Other  impoundments  in  the  Lake  Helena  watershed  include  Chessman  and  Scott  reservoirs,  which  are 
part  of  the  City  of  Helena's  water  supply  storage  and  delivery  system.  These  water  bodies  are  located 
west  of  Helena  in  the  Tenmile  drainage  near  the  Town  of  Rimini.  Chessman  and  Scott  reservoirs  are 
filled  every  spring  with  runoff  diverted  from  several  small  streams  via  a  flume  system.  Stored  water  is 
then  released  on  a  seasonal  basis  to  augment  flows  in  Tenmile  Creek  upstream  from  diversions  to  the 
City's  Tenmile  Water  Treatment  Plant  (Cleasby  and  Nimmick,  2002;  City  of  Helena  Public  Works 
Department,  2002). 
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Figure  A-14.     Water  bodies  within  the  Lake  Helena  watershed. 
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Figure  A-15.      Lake  Helena,  Helena  Valley  irrigation  canals,  and  regulating  reservoir  (source: 

Helena  Valley  Irrigation  District). 


Watershed  Characterization 


A-19 


Lake  Helena  Watershed  Planning  Area  Appendix  A 


A.  1.9     Flow  Data 

Strcamflow  varies  from  site  to  site  and  seasonally  in  the  Helena  Valley  as  a  result  of  complex  patterns  of 
precipitation  and  runoff,  groundwater  and  surface  water  interactions,  and  water  diversions  and  storage. 
Flow  increases  in  streams  are  attributed  to  tributary  inflows  or  groundwater  discharge,  and  flow 
depletions  occur  as  a  result  of  irrigation  diversions  and  water  losses  to  groundwater  (USGS,  2001).  A 
series  of  tile  drains  were  installed  throughout  much  of  the  Helena  Valley  during  the  late  1950s.  The 
drainage  system  has  lowered  the  elevation  of  the  shallow  aquifer,  drained  numerous  acres  of  historic 
wetlands,  caused  the  loss  of  natural  infiltration  and  groundwater  recharge  areas,  and  reduced  surface 
flows  in  lower  Tenmile,  Prickly  Pear,  and  possibly  Silver  creeks.  The  tile  drains  discharge  directly  into 
Lake  Helena  as  a  series  of  canals.  Property  owners  and  residents  along  Tenmile,  Sevenmile,  and  Prickly 
Pear  Creeks  and  in  other  low  lying  areas  of  the  watershed  have  routinely  experienced  damage  to  personal 
property  due  to  floods  associated  with  spring  runoff  and  unpredictable  winter  thaws  (Wetlands 
Community  Partnership,  2001 ). 

The  USGS  National  Water  Information  System  (NWIS)  online  database  lists  17  streamflow  gages  in  the 
Lake  Helena  watershed  with  current  and  historical  flow  data.  Ten  stations  with  recent  flow  data  were 
analyzed  to  obtain  a  general  understanding  of  flow  patterns  from  the  tributary  headwaters  to  Lake  Helena. 
These  stations  included  McClellan  Creek  near  East  Helena,  Prickly  Pear  Creek  near  Clancy,  Prickly  Pear 
Creek  below  Anderson  Gulch  near  Jefferson  City,  Tenmile  Creek  above  Prickly  Pear  Creek  near  Helena, 
Tenmile  Creek  at  Green  Meadow  Drive  at  Helena,  Tenmile  Creek  near  Helena,  Tenmile  Creek  at  State 
Nursery  Bridge  near  Helena,  Tenmile  Creek  at  Tenmile  Water  Treatment  Plant  near  Rimini,  Tenmile 
Creek  near  Rimini,  and  Sevenmile  Creek  below  Granite  Creek  near  Helena.  The  selected  stations  are 
described  in  Table  A-3  and  arc  shown  in  Figure  A- 16. 
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Table  A-3.  Selected  USGS  stream  gages  in  the  Lake  Helena  watershed. 

Drainage  Area 

Station  ID 

Gage  Name 

Acres 

Square  Miles 

Start  Date 

End  Date 

06061900 

McClellan  Creek  near  East  Helena 

21,248 

33 

Sep  1988 

Sep  1990 

06061500 

Prickly  Pear  Creek  near  Clancy 

122,880 

192 

Jul  1908 

Sep  2001 

06058900 

Prickly  Pear  Creek  below  Anderson 
Gulch  near  Jefferson  City 

8,960 

14 

Oct  1988 

Sep  1990 

06064150 

Tenmile  Creek  above  Prickly  Pear 
Creek  near  Helena 

120,320 

188 

May  1997 

Sep  1998 

06064100 

Tenmile  Creek  at  Green  Meadow 
Drive  at  Helena 

103,040 

161 

May  1997 

Sep  1998 

06063000 

Tenmile  Creek  near  Helena 

61,760 

97 

Aug  1908 

Sep  1998 

06062990 

Tenmile  Creek  at  State  Nursery 
Bridge  near  Helena 

N/A 

N/A 

Mar  1990 

Aug  1992 

06062750 

Tenmile  Creek  at  Tenmile  Water 
Treatment  Plant  near  Rimini 

32,704 

51 

May  1997 

Sep  2001 

06062500 

Tenmile  Creek  near  Rimini 

19,776 

31 

Oct  1914 

Sep  2001 

06063600 

Sevenmile  Creek  below  Granite 
Creek  near  Helena 

N/A 

N/A 

Mar  1990 

Sep  1991 
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Figure  A-16.      Location  of  selected  USGS  streamflow  gages  in  the  Lake  Helena  watershed. 
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The  average  daily  streamflow  measured  at  each  of  six  of  the  ten  selected  stations  during  1990  is  displayed 
in  Figure  A- 17  through  Figure  A-20.  Flow  patterns  at  most  of  the  stations  show  peaks  in  late  April  and 
again  in  early  June  due  to  snowmelt  runoff  and  precipitation.  Figure  A-l  7  shows  average  daily 
streamflow  measured  at  two  stations  along  Prickly  Pear  Creek.  Flows  are  noticeably  higher  at  the 
downstream  station  number  06061500,  located  in  the  middle  portion  of  the  drainage  near  Clancy,  than  at 
station  number  06058900,  which  is  located  in  the  upper  drainage  near  Jefferson  City.  This  is  due  to  the 
larger  watershed  drainage  area  at  the  former  station  and  the  influence  of  several  incoming  tributaries, 
including  Warm  Springs,  Clancy  and  Lump  Gulch  creeks.  This  station  also  has  the  highest  base  flow  of 
all  the  stations  examined.  Flow  patterns  at  station  06061900  on  McClellan  Creek,  a  tributary  to  the 
middle  reaches  of  Prickly  Pear  Creek,  are  similar  to  those  seen  at  the  other  stations  with  peaks  occurring 
in  late  April  and  early  June  (Figure  A- 19). 

Daily  mean  streamflows  at  Tenmile  Creek  stations  06062500  (near  Rimini)  and  06062990  (State  Nursery 
Bridge)  are  shown  in  Figure  A- 18.  These  stations  have  very  similar  seasonal  flow  patterns,  although 
station  06062990  is  located  further  downstream  in  the  watershed  and  has  a  slightly  higher  flow  on  most 
occasions.  The  highest  peak  flows  recorded  in  Tenmile  Creek  during  1990  were  measured  at  station 
06062990.  Station  06063600  on  Sevenmile  Creek,  a  Tenmile  Creek  tributary,  showed  a  moderate  and 
less  variable  flow  when  compared  to  patterns  seen  at  the  other  gaging  stations  (Figure  A-20). 

In  general,  flows  in  Lake  Helena  watershed  streams  are  low  and  fairly  constant  from  September  through 
March.  The  highest  flows  can  be  expected  during  the  months  of  April  and  June,  and  these  are  typically 
one  to  two  orders  magnitude  greater  than  the  baseflow  levels. 

At  present,  water  diverted  from  upper  Tenmile  Creek  provides  70  percent  of  the  City  of  Helena's 
municipal  water  supply  during  the  months  of  June  through  September,  and  100  percent  of  the  city's  water 
supply  from  October  through  May.  Diversions  are  located  on  Tenmile  Creek  south  of  Rimini  and  near 
the  confluences  of  Beaver,  Minnehaha,  Moose,  and  Walker  creeks.  Additional  water  is  obtained  from 
Scott  and  Chessman  reservoirs,  which  collect  water  from  several  tributaries  during  periods  of  high  flow. 
This  stored  water  is  held  in  reserve  and  accessed  on  an  as-needed  basis  (E~  Inc.  et  al.,  2004).  Municipal 
water  diversions  often  dewater  portions  of  Tenmile  Creek,  particularly  the  reach  from  Rimini  to  the 
mouth  of  Spring  Creek,  a  distance  of  0.5  mile  (USGS,  2000).  Further  downstream  near  the  City  of 
Helena,  seasonal  irrigation  withdrawals  contribute  to  the  streamflow  depletion  problems  leaving  a  dry 
streambed  in  some  locations.  In  the  lower  three  miles  of  Tenmile  Creek  upstream  of  its  confluence  with 
Prickly  Pear  Creek,  flows  may  be  supplemented  at  times  with  water  from  the  Helena  Valley  Irrigation 
District.  This  additional  water  may  enter  lower  Tenmile  Creek  in  the  form  of  direct  spills,  or  as  irrigation 
return  flows  from  either  surface  or  groundwater  sources.  In  general,  streamflows  in  lower  Tenmile  Creek 
tend  to  be  unpredictable  and  highly  variable  from  month  to  month,  reflecting  a  complex  pattern  of  runoff, 
groundwater  and  surface  water  interactions,  and  diversion  management  (USGS,  2001). 

Silver  Creek's  hydrology  has  been  altered  as  a  result  of  placer  mining  and  deposition  of  mill  wastes  in  its 
upper  watershed  (Maxim,  1996).  Further  downstream,  Silver  Creek  becomes  intermittent  due  to 
irrigation  diversions,  channel  alterations,  and  other  hydrologic  modifications.  Silver  Creek  flows  into 
Lake  Helena  as  a  constructed  ditch  and  most  of  its  flow  at  that  location  originates  from  groundwater  tile 
drainage  entering  the  ditch  at  various  locations  from  the  west  and  north  portions  of  the  Helena  Valley. 

Prickly  Pear  Creek  is  severely  dewatered  during  the  irrigation  season  beginning  at  a  major  diversion  just 
below  East  Helena  and  continuing  downstream  to  Lake  Helena.  Prickly  Pear  Creek  and  many  of  its 
tributary  drainages,  as  well  as  the  Tenmile  and  Silver  Creek  subwatersheds,  have  undergone  many 
changes  over  the  last  140  years.  Extensive  placer  and  lode  mining,  minerals  smelting,  agricultural 
development,  timber  harvest,  road  construction,  livestock  grazing,  other  land  uses,  and  wildfires  have 
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altered  the  natural  hydrology  of  the  Lake  Helena  watershed.  These  changes  and  their  implications  to 
water  quality  are  discussed  in  more  detail  in  Section  3.0  of  this  report. 
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Figure  A-17.      Average  daily  flow  for  year  1990  at  USGS  gages  06058900  and  06061500  on  Prickly 

Pear  Creek. 
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Figure  A-18.      Average  daily  flow  for  year  1990  at  USGS  gages  06062500  and  06062990  on  Tenmile 

Creek. 
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Figure  A-19.      Average  daily  How  for  year  1990  at  USGS  station  06061900  on  McClellan  Creek. 
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Figure  A-20.      Average  daily  flow  for  year  1990  at  USGS  gage  06063600  on  Sevenmile  Creek. 
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A. 1.10  Stream  Types 

The  Helena  Valley  is  drained  by  a  network  of  intermittent  and  perennial  streams.  Prickly  Pear,  Tenmile, 
and  Silver  creeks  converge  at  Lake  Helena,  which  drains  into  the  Missouri  River.  The  National 
Hydrography  Dataset  (NHD)  provided  by  USEPA  and  USGS  identified  four  major  stream  types  in  the 
Lake  Helena  watershed.  Table  A-4  and  Figure  A-21  present  a  summary  of  the  stream  types  in  the  Lake 
Helena  watershed.  Most  of  the  streams  in  the  watershed  were  classified  as  either  perennial  (45%)  or 
intermittent  (44%).  Other  stream  types  include  canals/ditches  and  pipelines.  Intermittent  streams  have 
flow  only  for  short  periods  during  the  course  of  a  year,  and  flow  events  are  usually  initiated  by  rainfall. 
Perennial  streams  flow  throughout  the  entire  year.  The  main  stem  of  the  major  tributaries  and  most 
headwater  streams  were  classified  as  perennial.  However,  seasonal  dewatering  occurs  in  the  lower 
sections  of  Silver,  Tenmile,  and  Prickly  Pear  creeks  as  a  result  of  irrigation  withdrawals  and  losses  to 
groundwater.  Mountain  streams  of  varying  sizes  have  perennial  flow  due  to  snowmelt,  precipitation,  and 
discharge  from  bedrock  aquifers,  while  many  of  the  smaller  tributaries  located  in  the  valley  regions  of  the 
watershed  are  intermittent.  All  of  the  canals  and  ditches  are  concentrated  in  agricultural  areas 
surrounding  Lake  Helena. 


Table  A-4.  Summary  of  stream  types  in  the  Lake  Helena  watershed 


Stream  Type 

Stream  Length  (miles) 

Percent 

Perennial 

426 

45.4 

Intermittent 

418 

44.5 

Canal/Ditch 

91 

9.7 

Pipeline 

4 

0.5 

Total 

940 

100.0 
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Figure  A-21.      Stream  types  in  the  Lake  Helena  watershed. 
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A. 1.11   Groundwater 

Groundwater  in  the  Helena  area  is  the  sole  source  of  drinking  water  for  more  than  27,000  people, 
approximately  55  percent  of  the  area  population.  The  Helena  Valley  alluvial  aquifer  provides  water 
through  approximately  5,600  domestic  wells  and  71  public  water  supplies  (Lewis  and  Clark  County, 
2004). 


A  relatively  high  groundwater  production  capability  exists  in  the  central  portion  of  the  Helena  Valley.  In 
general,  water  supply  wells  in  the  central  portion  of  the  valley  produce  over  100  gallons  per  minute 
(gpm),  while  significantly  lower  groundwater  production  capacity  (<  20  gpm)  is  common  near  the 
margins  of  the  valley.  Major  surface  water  features  such  as  Prickly  Pear,  Tenmile  Creek,  and  Sevenmile 
creeks  contribute  water  to  some  degree  to  the  groundwater  system.  Water  levels  in  general  are  less  than 
10  feet  below  the  ground  surface  in  the  southwestern  portion  of  the  Helena  Valley,  and  are  closer  to  the 
surface  in  several  areas.  The  presence  of  springs  in  the  valley  indicates  groundwater  discharge  zones,  and 
near-surface  groundwater  flows  (Wetlands  Community  Partnership,  2002).  Another  factor  influencing 
shallow  groundwater  elevations  in  the  Helena  Valley  is  the  extensive  network  of  tile  drains,  which  have 
artificially  lowered  the  water  table. 

The  hills  and  mountains  adjacent  to  the  Helena  Valley  collect  precipitation  that  eventually  recharges 
aquifers  in  the  Helena  Valley.  The  recharge  to  the  shallow  aquifer  system  alluvial  materials  originates 
from  infiltration  of  precipitation  (rain  and  snow),  irrigation  water,  and  streamflow.  Recharge  from 
bedrock  surrounding  the  valley  contributes  a  significant  amount  of  water  to  the  Helena  Valley. 
Approximately  44  percent  of  recharge  to  the  valley  is  estimated  to  come  from  inflow  from  the  underlying 
bedrock.  Water  migrates  from  the  upper  elevations  surrounding  the  valley  through  fractures  and  joints 
towards  the  valley  and  stream  drainages  (Table  A-5)  (Wetlands  Community  Partnership,  2002). 

Table  A-5.  Sources  of  Groundwater  Recharge  in  the  Helena  Valley  (Wetlands  Community 

Partnership,  2002). 


Source 

Amount  Acre  feet/vear 

Percent 

Infiltration-streamflow 

2,900 

14 

Leakage-irrigation  canal 

7.060 

8 

Infiltration-excess  irrigation 

27.000 

30 

Infiltration-precipitation 

___ 

<1 

Inflow  from  bedrock 

39,800 

44 

Groundwater  information  was  obtained  from  a  GIS  layer  titled  Principal  Aquifers  of  the  48  Conterminous 
United  Stales  prepared  by  the  USGS.  This  data  set  contains  the  shallowest  principal  aquifers  of  the 
conterminous  United  States,  portrayed  as  polygons.  The  data  set  was  developed  using  information  from 
the  Ground  Water  Atlas  of  the  United  States. 

The  mountainous  areas  contain  bedrock  aquifers  that  surround  and  are  hydraulically  connected  to  the 
aquifers  in  the  Helena  Valley.  The  Helena  Valley  contains  part  of  the  Northern  Rocky  Mountains 
Intermontane  Basins  Aquifer  System,  which  is  composed  of  unconsolidated  sand  and  gravel  aquifers. 
The  aquifer  in  the  western  part  of  the  valley  is  composed  mostly  of  Quaternary  alluvium,  although  the 
upper  few  hundred  feet  are  composed  of  Tertiary  sediments.  The  eastern  part  of  the  valley  is  underlain  by 
fine-grained,  poorly  consolidated  Tertiary  sediments,  which  form  the  only  available  aquifer  in  that  area 
(Briar  and  Madison.  1992). 
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In  general,  unconsolidated  sand  and  gravel  aquifers  have  intergranular  porosity,  and  contain  water 
primarily  under  unconfined  or  water  table  conditions.  The  hydraulic  conductivity  of  the  aquifers  is 
usually  high.  Groundwater  in  these  aquifers  flows  along  relatively  short  flow  paths  typical  of  local  flow 
systems.  Basin-till  or  valley-fill  aquifers  were  deposited  in  depressions  formed  by  faulting  or  erosion  or 
both.  Fine-grained  deposits  of  silt  and  clay  form  local  confining  units  in  these  aquifers,  and  thick 
sequences  of  the  unconsolidated  deposits  become  more  compact  and  less  permeable  with  depth. 

The  water  wells  map  provided  in  Figure  A-22  gives  a  good  indication  of  growth  and  groundwater 
development  in  the  Lake  Helena  watershed  over  the  last  century.  The  data  set  used  to  make  the  map 
contains  point  locations  and  selected  attributes  for  water  wells  within  Montana  abstracted  from  databases 
maintained  at  the  Ground- Water  Information  Center  (GWIC)  at  the  Montana  Bureau  of  Mines  and 
Geology.  Original  data  sources  include  water  rights  filings,  water  well  logs,  visits  to  water  wells,  and 
publications  of  the  Montana  Bureau  of  Mines  and  Geology,  the  U.S.  Geological  Survey,  and  others.  The 
databases  are  maintained  at  the  Ground- Water  Information  Center.  Data  from  GWIC  are  useful  for 
describing  the  groundwater  resources  of  Montana,  land  use  planning,  determining  well  drilling  depths, 
and  understanding  groundwater  flow.  These  data  are  currently  intended  to  provide  information  on  the 
distribution  of  wells  in  general  rather  than  the  locations  of  specific  wells.  The  map  shows  all  public 
supply  wells  and  other  wells  in  the  Lake  Helena  watershed. 
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Figure  A-22.      State  inventoried  wells  in  the  Lake  Helena  watershed  by  time  period  of  completion. 
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A.1.12   Irrigation 

Irrigation  in  the  Helena  Valley  began  in  the  1880s.  Water  from  Prickly  Pear,  Tenmile,  and  Silver  creeks 
was  diverted  for  irrigation  purposes  concurrent  with  the  granting  of  land  claims.  Water  shortages  were 
noted  as  early  as  1866  (Kendy  et  al.,  1998).  Canyon  Ferry  Dam  was  completed  in  1953  to  improve 
irrigation  facilities  (USBR,  2004a).  The  construction  of  the  present  irrigation  system  began  in  1957  and 
was  completed  in  1959.  By  1950,  more  than  8,000  acres  of  formerly  productive  land  in  the  low-lying 
areas  of  the  Helena  Valley  became  saturated  due  to  seepage  from  irrigation  canals  and  infdtration  from 
flood  irrigated  fields.  The  Bureau  of  Reclamation  installed  several  irrigation  drains  beginning  in  1958,  in 
part  to  drain  previously  saturated  land  but  also  to  accommodate  the  additional  irrigation  water  imported 
from  the  Missouri  River.  Portions  of  some  canals  in  the  valley  are  lined  with  PVC,  compacted  earth, 
asphalt,  or  concrete  (Kendy  et  al.,  1998). 

The  Helena  Valley  Irrigation  District  receives  about  81,300  acre-feet  of  water  diverted  from  the  Missouri 
River  annually.  The  water  is  diverted  from  Canyon  Ferry  Dam  located  about  15  miles  east  of  Helena. 
Turbine  driven  pumps  below  the  dam  (the  Helena  Valley  Pumping  Plant)  lift  water  to  the  Helena  Valley 
Canal  Tunnel  and  feeder  canal.  The  feeder  canal  flows  8.3  miles  across  the  Spokane  Bench  to  the  5,900 
acre-ft  Helena  Valley  Regulating  Reservoir.  The  reservoir  discharges  water  into  the  valley  section  of  the 
Helena  Valley  Canal,  which  nearly  encircles  the  Helena  Valley  alluvial  plain  and  distributes  water  into 
the  central  part  of  the  Helena  Valley  through  an  extensive  network  of  lateral  canals  (Figure  A-21).  The 
length  of  the  Helena  Valley  Canal  is  31.7  miles,  of  which  10.2  miles  are  lined  and  21.5  miles  are  unlined. 
Of  the  64.4  miles  of  lateral  canals,  51.9  are  lined  and  12.5  are  unlined.  A  56.6  mile  drainage  system 
consisting  of  26.6  miles  of  open  drains  and  29.9  miles  of  pipe  drains  prevents  irrigated  land  from 
becoming  saturated  (Kendy  et  al.,  1998).  This  manmade  drainage  system  has  resulted  in  the  draining  of 
numerous  acres  of  historic  wetlands  and  loss  of  natural  infiltration  and  groundwater  recharge  areas 
(Wetlands  Community  Partnership,  2001 ). 

Irrigation  practices  in  the  Lake  Helena  watershed  help  to  sustain  crops  through  the  arid  summer  growing 
season.  The  Helena  Valley  Irrigation  District  manages  irrigation  in  the  Helena  Valley  totaling  15,608 
acres,  of  which  12,500  acres  are  flood  irrigated.  The  District  is  proposing  to  increase  the  total  irrigated 
acreage  by  2,600  acres  (Foster,  2004;  USBR,  2004). 

Prickly  Pear  Creek  is  severely  dewatered  from  below  East  Helena  nearly  to  Lake  Helena  during  the 
irrigation  season.  Diversions  for  municipal  water  supply  in  the  upper  Tenmile  Creek  watershed,  and  for 
irrigation  in  lower  Tenmile  Creek,  deplete  streamflow  in  lower  Tenmile  Creek  during  the  summer 
months.  Some  reaches  go  entirely  dry  in  most  years  (USGS,  2001 ).  Water  from  lower  Tenmile  Creek 
was  first  diverted  for  irrigation  when  land  grants  were  claimed  in  the  late  1800s  (USGS,  2001).  Due  to 
irrigation  diversions  and  other  withdrawals,  as  well  as  channel  and  hydrologic  alterations,  Silver  Creek  is 
intermittent  in  it  lower  reaches. 

Estimates  of  water  leakage  from  the  entire  Helena  Valley  irrigation  system  are  estimated  to  be  about 
7,060  acre-feet  from  mid-April  through  early  October.  The  total  volume  of  irrigation  water  applied  to 
fields  from  all  sources  in  1990  was  estimated  to  be  about  57,000  acre-ft.  In  comparison,  precipitation  on 
irrigated  areas  during  the  1990  irrigation  season  was  estimated  to  be  about  8,920  acre-ft  (Briar  and 
Madison,  1992).  The  previously  described  tile  drain  system  in  the  Helena  Valley  is  part  of  an  extensive 
network  of  open  and  buried  drains  designed  to  decrease  waterlogging  of  fields  in  the  downgradient  areas 
of  the  valley  by  collecting  shallow  groundwater  and  channeling  it  into  Lake  Helena.  The  average  aquifer 
drainage  system  discharge  to  streams  and  drains  is  estimated  to  be  about  50  cubic  feet  per  second  or 
36,000  acre-ft/yr.  Discharge  from  the  aquifer  occurs  through  direct  upwards  leakage  into  Lake  Helena, 
through  the  bed  of  the  lake.  Because  of  the  abundance  of  surface  water  in  the  Helena  Valley,  relatively 
few  wells  are  used  for  large-scale  irrigation.  Conversely,  a  significant  volume  of  water  is  returned  to  the 
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Helena  Valley  aquifer  system  through  infiltration  of  excess  water  applied  to  irrigated  fields  (Briar  and 
Madison,  1992). 

In  summary,  the  recharge  to  the  Helena  valley  fill  aquifer  system  is  through  infiltration  of  streamflow 
(12,900  acre  ft/yr),  leakage  from  irrigation  canals  (7,060  acre  ft/yr),  infiltration  of  excess  water  applied  to 
irrigated  fields  (27,000  acre  ft/yr),  and  inflow  from  fractures  in  the  surrounding  bedrock  (39,800  acre- 
ft/yr).  Evaporation  and  transpiration  from  non-irrigated  parts  of  the  valley  exceed  precipitation. 
Therefore,  recharge  from  precipitation  occurs  only  in  response  to  infrequent  periods  of  sustained 
precipitation  or  as  part  of  excess  water  applied  to  irrigated  fields.  Discharge  from  the  aquifer  system  is 
through  leakage  to  streams  and  drains  (36,200  acre/ft-year),  upward  leakage  to  Lake  Helena  (50,000 
acre/ft-year),  and  withdrawals  by  wells  (2,220  acre-ft  year)  (Briar  and  Madison,  1992). 

There  is  a  recent  proposal  from  the  City  of  Helena  to  rely  on  more  water  stored  in  Canyon  Ferry 
Reservoir  for  its  municipal  supply,  and  less  on  the  City's  Tenmile  Creek  municipal  supply  and  system  of 
storage  reservoirs.  The  Helena  Valley  Irrigation  District  is  also  involved  in  these  discussions.  The 
District  delivers  water  to  the  City's  Missouri  River  Treatment  Plant  via  the  Canyon  Ferry  Dam/Helena 
Valley  Regulating  Reservoir  distribution  system  described  earlier.  At  the  present  time,  only  about  three 
percent  of  the  water  pumped  out  of  the  river  is  bound  for  the  City's  treatment  plant. 
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A.1.13   Ecoregions 

Omcrnik  (1995)  has  defined  ecoregions  as  areas  with  common  ecological  settings  that  have  relatively 
homogeneous  features  including  potential  natural  vegetation,  geology,  mineral  availability  from  soils, 
physiography,  and  land  use  and  land  cover.  MDEQ  uses  ecoregions  to  establish  a  variety  of  water  quality 
targets,  such  as  for  macroinvertebrate  populations  and  nutrient  concentrations.  The  Lake  Helena 
watershed  contains  parts  of  two  ecoregions  (see  Table  A-6  and  Figure  A-23). 


Table  A-6.  Ecoregions  in  the  Lake  Helena  Watershed. 

Ecoregion 

Area 
(acres) 

Area 
(square  miles) 

Percentage 

Northern  Rockies 

244,683 

382.3 

61.75 

Montana  Valley  and  Foothill  Prairies 

151,553 

236.8 

38.25 

Total 

352,814 

619.1 

100.00 
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Figure  A-23.      Ecoregions  in  the  Lake  Helena  Watershed. 
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A.1.14  Land  Use  and  Land  Cover 


General  land  use  and  land  cover  data  for  the  Lake  Helena  watershed  was  extracted  from  the  Multi- 
Resolution  Land  Characterization  (MRLC)  database  for  the  State  of  Montana  (MRLC,  1992)  and  is 
shown  in  Figure  A-24.  This  database  was  derived  from  satellite  imagery  taken  during  the  early  1990s  and 
is  the  most  current  detailed  land  use  data  known  to  be  available.  Each  30-meter  by  30-meter  pixel 
contained  within  the  satellite  image  is  classified  according  to  its  reflective  characteristics  and  is  placed 
within  one  of  several  land  use/land  cover  designations.  A  complete  description  of  the  MRLC  land 
use/land  cover  categories  is  given  in  Appendix  J.  Table  A-7  summarizes  land  characterization 
information  for  the  Lake  Helena  watershed.  Evergreen  forest  is  the  dominant  land  cover  type,  comprising 
approximately  41.0  percent  of  the  total  land  area.  Grasslands/herbaceous  vegetation  and  shrubland  make 
up  34.3  percent  and  9.5  percent  of  the  land  area,  respectively.  Other  important  land  use/land  cover 
categories  include  small  grains  (5.5  %),  pasture/hay  (3.4  %),  commercial/industrial/transportation  (1.8 
%),  and  fallow  (1.0  %).  All  other  categories  combined  make  up  less  than  one  percent  of  the  total  Lake 
Helena  watershed  area. 
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Figure  A-24.      Land  use  and  land  cover  in  the  Lake  Helena  watershed. 
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Table  A-7.  Land  use  and  land  cover  in  the  Lake  Helena  watershed. 

Type  of  Land  Use/  Land  Cover 

Area 

Percent 

Acres 

Square  Miles 

Evergreen  Forest 

162,319 

253.6 

41.0 

Grasslands/Herbaceous 

135,833 

212.2 

34.3 

Shrubland 

37,485 

58.6 

9.5 

Small  Grains 

21,781 

34.0 

5.5 

Pasture/Hay 

13,518 

21.1 

3.4 

Commercial/lndustrial/Transportation 

7,071 

11.0 

1.8 

Fallow 

3,793 

5.9 

1.0 

Row  Crops 

3,485 

5.4 

0.9 

Low  Intensity  Residential 

3,012 

4.7 

0.8 

Water 

2,844 

4.4 

0.7 

Urban/Recreational  Grasses 

1,519 

2.4 

0.4 

Deciduous  Forest 

1,417 

2.2 

0.4 

Transitional 

745 

1.2 

0.2 

Woody  Wetlands 

687 

1.1 

0.2 

Quarries/Strip  Mines/Gravel  Pits 

300 

0.5 

<0.1 

Emergent  Herbaceous  Wetlands 

122 

0.2 

<0.1 

Bare  Rock/Sand/Clay 

82 

0.1 

<0.1 

Mixed  Forest 

32 

0.1 

<0.1 

High  Intensity  Residential 

16 

<0.1 

<0.1 

Perennial  Ice/Snow 

6 

<0.1 

<0.1 

Total 

396,068 

618.9 

100.0 

A.1.15  Vegetative  Cover 

Vegetative  cover  data  were  gathered  from  the  Gap  Analysis  Project  (GAP)  completed  for  the  State  of 
Montana.  The  Gap  Analysis  is  a  nationwide  program  conducted  under  the  guidance  of  the  USGS  for  the 
purpose  of  assessing  the  extent  of  conservation  of  native  plant  and  animal  species.  Since  an  important 
part  of  the  analyses  is  the  identification  of  habitat,  detailed  vegetative  spatial  data  are  usually  available  for 
states  that  have  completed  their  analyses.  Like  the  MRLC  data,  the  spatial  database  for  Montana  was 
derived  from  satellite  imagery  taken  during  the  early  1990s.  However,  the  vegetative  classification  is 
much  more  detailed  than  that  of  the  MRLC.  The  GAP  data  include  vegetative  species,  rather  than  general 
land  cover  classes.  The  vegetative  cover  information  for  the  Lake  Helena  watershed  provided  by  the 
GAP  data  is  shown  in  Figure  A-25  and  is  summarized  in  Table  A-8. 

Table  A-8  shows  that  the  dominant  vegetation  cover  types  in  the  Lake  Helena  watershed  include 
low/moderate  cover  grasslands,  comprising  30.3  percent  of  the  watershed  area,  and  Douglas-fir  which 
comprises  17.5  percent  of  the  area.  The  grasslands  are  found  mostly  along  the  foothills  of  the  mountains 
and  in  the  Helena  Valley.  Douglas-fir  vegetation  areas  are  found  primarily  in  the  mountainous  regions  of 
the  watershed.  Pondcrosa  pine,  mixed  xeric  forest,  and  lodgepole  pine  comprise  8.5  percent,  8.4  percent, 
and  6.8  percent  of  the  area,  respectively.  Agricultural  lands  are  concentrated  in  the  valley  in  the 
northeastern  portion  of  the  watershed.  Dryland  crops  represent  3.4  percent  of  the  watershed,  and  irrigated 
crops  account  for  2.5  percent. 
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Figure  A-25.      Vegetative  cover  for  the  Lake  Helena  watershed. 
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Table  A-8.  Vegetative  cover  according  to  GAP  analysis  fc 

r  the  Lake  He 

ena  watersi 

Area  of  Watershed 

Vegetative  Cover  Type 

Acres 

Square  Miles 

Percent 

Low/Moderate  Cover  Grasslands 

120,161 

187.8 

30.32 

Douglas-fir 

69,141 

108.0 

1745 

Ponderosa  Pine 

33,828 

52.9 

8.54 

Mixed  Xeric  Forest 

33,132 

51.8 

8.36 

Lodgepole  Pine 

26,883 

42.0 

6.78 

Sagebrush 

14,319 

22.4 

3.61 

Agricultural  Lands  -  Dry 

13,376 

20.9 

3.38 

Urban  or  Developed  Lands 

12,035 

18.8 

3.04 

Very  Low  Cover  Grasslands 

10,512 

16.4 

2.65 

Agricultural  Lands  -  Irrigated 

9,711 

15.2 

2.45 

Standing  Burnt  Forest 

9,271 

14.5 

2.34 

Mixed  Subalpine  Forest 

7,390 

11.5 

1.86 

Douglas-fir/Lodgepole  Pine 

6,681 

10.4 

1.69 

Rocky  Mountain  Juniper 

4,251 

6.6 

1.07 

Montane  Parklands  and  Subalpine  Meadows 

3,247 

5.1 

0.82 

Mixed  Riparian 

3,080 

4.8 

0.78 

Water 

2,990 

4.7 

0.75 

Shrub  Riparian 

2,656 

4.2 

0.67 

Mixed  Mesic  Shrubs 

2,122 

3.3 

0.54 

Rock 

1,996 

3.1 

0.50 

Conifer  Riparian 

1,799 

2.8 

0.45 

Mixed  Broadleaf  Forest 

1,729 

2.7 

0.44 

Mixed  Broadleaf  and  Conifer  Riparian 

1,275 

2.0 

0.32 

Mixed  Barren  Sites 

1,009 

1.6 

0  25 

Moderate/High  Cover  Grasslands 

911 

1.4 

023 

Broadleaf  Riparian 

640 

1.0 

0  16 

Altered  Herbaceous 

598 

0.9 

0.15 

Mines,  Quarries,  Gravel  Pits 

530 

0.8 

0.13 

Mixed  Xeric  Shrubs 

470 

0.7 

0.12 

Mixed  Whitebark  Pine  Forest 

436 

0.7 

0.11 

Limber  Pine 

46 

0.1 

<0.1 

Graminoid  and  Forb  Riparian 

28 

0.0 

<0.1 

Total 

396,256 

619.2 

100.00 
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A.1.16  Channel  Morphology 

Channel  morphology  data  for  the  Lake  Helena  watershed  is  limited,  except  for  streams  within  the  Helena 
National  Forest  portion  of  the  watershed.  A  review  of  the  available  channel  morphology  data  for  the 
303(d)  listed  streams  is  located  in  the  preliminary  source  assessment  (Appendix  C),  and  in  the  discussion 
of  sediment  impaired  streams  in  the  water  quality  impairment  status  review  section  of  this  report  (Section 
3).  High  gradient  step-pool  streams  are  generally  found  in  the  mountainous  areas  of  the  watershed,  with 
pool-riffle  streams  in  the  valley  bottoms.  In  many  parts  of  the  watershed,  channel  morphology  has  been 
disrupted  due  to  placer  and  hydraulic  mining,  and  the  creation  of  transportation  networks. 

A.2      Socio-Economic  Characteristics 

The  following  sections  of  the  document  provide  information  on  the  population  of  the  watershed, 
occupations,  land  ownership,  and  important  industries  that  can  affect  water  quality. 

A.2.1     Population 

The  population  of  the  Lake  Helena  watershed  is  not  directly  available  but  can  be  estimated  using  U.S. 
Census  data.  The  2000  U.S.  Census  data  were  downloaded  for  all  block  groups  whose  boundaries  lie 
wholly  or  partially  in  the  watershed  (Census,  2000).  Census  block  groups  are  the  smallest  geographic 
unit  for  which  demographic  information  is  available  from  the  Census  Bureau.  In  the  instance  where  a 
census  block  is  located  partially  in  the  watershed,  a  population  weighting  method  was  used  to  estimate  the 
block's  contribution  to  the  watershed  population.  The  resulting  analysis  found  that  approximately  55,000 
people  live  within  the  Lake  Helena  watershed,  and  that  approximately  70  percent  of  the  total  population 
live  in  areas  classified  as  "urban"  and  30  percent  live  in  areas  classified  as  "non-urban". 


Figure  A-26  displays  population  densities  within  the  watershed.  Outside  of  municipal  areas,  the  majority 
of  census  blocks  have  less  than  one  person  per  square  mile.  However;  along  the  1-15  corridor  and  in  the 
Helena  Valley,  census  block  population  densities  range  from  100  to  well  over  5,000  persons  per  square 
mile. 
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Figure  A-26.      Population  density  in  the  Lake  Helena  watershed  based  on  the  2000  Census  Blocks. 
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According  to  the  most  recent  U.S.  Census  (2000),  Lewis  and  Clark  County's  population  was  55,716 
persons  in  2000,  which  is  more  than  double  the  1950  population  of  24,540  people.  The  rate  of  population 
growth  in  the  County,  like  the  Helena  Valley,  has  fluctuated  significantly  over  the  years,  varying  with  the 
economy  and  other  factors  as  shown  below: 


•  1950s 

•  1960s 

•  1970s 

•  1980s 

•  1990s 


14  percent  increase 
1 9  percent  increase 
29  percent  increase 
10  percent  increase 
1 7  percent  increase 


The  projected  2010  population  for  Lewis  and  Clark  County  is  63,316,  a  nearly  14  percent  increase  over 
the  2000  population.  From  1970  to  2000,  the  population  growth  rate  in  unincorporated  portions  of  Lewis 
and  Clark  County  (outside  of  Helena  and  East  Helena)  was  the  highest  of  any  unincorporated  area  in 
Montana  at  218  percent  (Lewis  and  Clark  County,  2004).  Jefferson  County  is  also  one  of  the  fastest 
growing  rural  counties  in  Montana,  and  is  the  19th  most  populous  with  10,049  residents  according  to  the 
2000  Census.  From  1970  to  2000,  Jefferson  County  grew  by  4,796  people,  a  91  percent  increase  in 
population  (Jefferson  County  Planning  Board,  2003). 

Figure  A-26  displays  the  locations  of  the  larger  cities  and  towns  in  the  Lake  Helena  watershed,  as  well  as 
the  census  designated  urban  and  non-urban  areas.  Table  A-9  summarizes  area  population  by  urban  and 
non-urban  classification  and  by  population  density  within  each  of  those  classes.  This  table  shows  that  the 
urban  areas  are  much  more  densely  populated  than  the  non-urban  areas.  Urban  areas  have  an  average  of 
approximately  1,661  people  per  square  mile  and  non-urban  areas  have  an  average  of  28  people  per  square 
mile.  Table  A- 10  summarizes  the  populations  of  thirteen  cities  and  towns  within  the  Lake  Helena 
watershed.  Helena  is  the  most  populated  city  in  the  watershed,  with  nearly  16  times  the  population  of 
East  Helena,  the  second  most  populated  town.  Approximately  90  percent  of  the  total  urban  population 
(44  percent  of  the  total  watershed  population)  resides  in  Helena.  The  population  distribution  is  not 
uniform,  with  the  majority  of  the  population  residing  in  urban  areas  surrounding  Helena  and  East  Helena. 
Helena  is  classified  as  an  incorporated  city  and  East  Helena  is  classified  as  an  incorporated  town. 


Table  A-9.  Urban  population  and  population  density  in  the  Lake  Helena  watershed 


Area 

Estimated 
Population 

Density 

Classification 

Acres 

Sq.  Miles 

Percent 

Per  Acre 

PerSq.  Mile 

Urban 

14,812.14 

23.14 

38,451 

70 

2.60 

1,661.38 

Non-urban 

381,424.05 

595.98 

16,694 

30 

0.04 

28.01 

Total 

396,236.19 

619.12 

55,145 

100 

0.14 

89.07 
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Table  A-10.         Urban  population  centers  in  the  Lake  Helena  watershed 


City/Town 

Population 

County 

Helena 

24,346 

Lewis  and  Clark 

East  Helena 

1,538 

Lewis  and  Clark 

Clancy 

548 

Jefferson 

Unionville 

160 

Lewis  And  Clark 

Fort  Harrison 

124 

Lewis  and  Clark 

Montana  City 

104 

Jefferson 

Alhambra 

100 

Jefferson 

Jefferson  City 

40 

Jefferson 

Marysville 

40 

Lewis  And  Clark 

Corbin 

20 

Jefferson 

Rimini 

20 

Lewis  And  Clark 

Austin 

5 

Lewis  And  Clark 

Wickes 

5 

Jefferson 

Total 

27,050 

The  Helena  Valley  is  the  primary  population  center  and  economic  hub  for  Lewis  and  Clark  County,  and 
northern  Jefferson  and  Broadwater  Counties.  The  Valley  continues  to  encompass  the  largest  percentage 
of  Lewis  and  Clark  County's  population  and  growth.  The  majority  of  the  growth  is  occurring  in 
unincorporated  areas  within  the  Valley  (Lewis  and  Clark  County,  2004). 

The  number  of  parcels  in  Lewis  and  Clark  County  created  through  subdivision  review  has  increased 
substantially  since  the  1980s.  In  1986,  for  example,  94  lots  were  granted  through  subdivision  review  (via 
either  preliminary  or  final  plat  approval)  in  the  County.  By  2002,  that  number  increased  to  685. 
Additionally,  unreviewed  land  divisions  have  added  to  this  total  (Lewis  and  Clark  County,  2004). 

The  housing  stock  in  Lewis  and  Clark  County  has  increased  considerably  during  the  past  30  years,  more 
than  doubling  between  1970  and  2000.  During  this  period,  the  most  rapid  growth  in  housing  occurred 
during  the  1970s,  when  6,212  housing  units  were  built  in  the  County,  an  increase  of  50  percent.  As  the 
economy  slowed  during  the  1980s,  the  growth  in  new  housing  decreased  considerably  before  rising  again 
during  the  1990s  (Lewis  and  Clark  County,  2004). 

There  are  a  number  of  reasons  for  the  dramatic  increase  in  the  number  of  Helena  Valley  residences. 
Undeveloped  land  in  the  Valley  has  generally  been  less  expensive  than  vacant  land  in  Helena.  Many 
people  wanted  a  country-type  atmosphere  in  which  to  live.  Some  were  avoiding  what  were  perceived  as 
higher  building  costs  in  Helena.  Some  felt  there  were  fewer  development  restrictions  and  regulations  in 
the  unincorporated  area  of  the  County.  Higher  property  taxes  in  Helena  may  also  have  been  a 
consideration. 

The  movement  of  growth  from  Helena  to  the  Helena  Valley  has  increased  the  burden  on  Lewis  and  Clark 
County  for  providing  public  services.  In  the  more  densely  populated  areas  of  the  Valley,  the  demand  for 
public  facilities  and  services  has  increased  beyond  what  is  typically  found  in  rural  areas  (Lewis  and  Clark 
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County,  2004).  The  population  in  Lewis  and  Clark  County  is  expected  to  continue  to  grow,  with  a 
projected  2010  population  of  63,316  and  a  projected  2020  population  of  70,430. 

These  projections  are  based  on  an  annual  growth  rate  of  1.67  percent,  which  is  slower  than  the  annual 
growth  rate  experienced  in  the  early  1990s  (2.2  percent)  but  greater  than  the  annual  growth  rate  in  the 
later  part  of  the  1980s  ( 1  percent).  According  to  another  forecast  made  by  the  City  of  Helena,  the 
population  of  the  greater  Helena  Valley  will  increase  to  approximately  70,000  by  2020.  This  constitutes 
an  increase  of  23,000  people  in  twenty  years,  nearly  the  equivalent  of  adding  the  population  of  another 
City  of  Helena  to  the  Valley  (Lewis  and  Clark  County,  2004). 

Jefferson  County  is  also  one  of  the  fastest  growing  rural  counties  in  Montana  and  is  the  19th  most 
populous  with  10,049  residents,  according  to  the  2000  Census.  Until  recently,  a  third  of  the  population 
lived  within  one  or  two  miles  of  the  county's  two  towns  —  Whitehall  and  Boulder.  Today,  more  than 
half  of  the  county's  residents  live  in  the  unincorporated  northern  part  of  the  county  and  commute  to 
Helena  for  work.  In  the  1990s,  the  county  grew  by  27  percent,  adding  approximately  2,000  new 
residents.  The  final  Jefferson  County  Growth  Policy  was  unanimously  adopted  by  the  county 
commission  in  June  2003  (Sonoran  Institute,  2003).  The  population  density  is  approximately  6  residents 
per  square  mile  in  Jefferson  County.  From  1970  to  2000,  Jefferson  County  grew  by  4,796  people,  a  91 
percent  increase  in  population  (Jefferson  County,  2003).  In  the  last  10  years,  the  towns  of  Montana  City 
and  Clancy  have  sprouted  so  rapidly  that  they  have  catapulted  Jefferson  County  into  the  fourth  fastest- 
growing  county  in  the  State.  From  1990  to  2000,  the  county  gained  26.6  percent  more  residents  (Great 
Falls  Tribune,  2003). 

A.2.2     Occupation 

Table  A-l  1  and  Table  A- 12  show  the  occupation  and  industry  of  residents  in  Jefferson  County  and  Lewis 
and  Clark  County,  respectively.  Estimates  are  based  on  a  one-in-six  sample  of  housing  units  that  received 
the  long  form  as  part  of  the  2000  Census.  The  Lake  Helena  watershed  is  comprised  of  portions  of  each 
county,  so  the  data  are  not  specific  to  the  population  within  the  watershed  but  rather  include  people  who 
live  in  surrounding  areas  as  well  as  within  the  watershed. 

Table  A-l  1  and  Table  A- 12  show  that  the  majority  of  people  in  both  counties  (approximately  39  %)  hold 
management,  professional,  and  related  occupations.  Sales  and  office  occupations  and  service  occupations 
are  also  significant.  The  least  amount  of  people  in  both  counties  (approximately  one  percent)  participates 
in  farming,  fishing,  and  forestry  occupations.  Other  occupation  fields  include  construction,  extraction, 
and  maintenance  occupations,  and  production,  transportation,  and  material  moving  occupations. 

The  top  three  industries  in  both  Jefferson  County  and  Lewis  and  Clark  County,  in  terms  of  people 
employed,  are  education,  health  and  social  services,  public  administration,  and  retail  trade  (Table  A-l  1 
and  Table  A-12).  In  Jefferson  County,  other  major  industries  are  construction  (8.4  %),  agriculture, 
forestry,  fishing  and  hunting,  and  mining  (8.4  %),  and  arts,  entertainment,  recreation,  accommodation  and 
food  services  (7.9  %).  In  Lewis  and  Clark  County,  other  important  industries  include  arts,  entertainment, 
recreation,  accommodation  and  food  services  (8.9  %),  professional,  scientific,  management, 
administrative,  and  waste  management  services  (8.4  %),  and  finance,  insurance,  real  estate,  and  rental 
leasing  (7.6  %). 
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Table  A-ll.         Occupation  and  employment  industry  of  residents  in  Jefferson  County 


OCCUPATION 

People 

Percent 

Management,  professional,  and  related  occupations 

1,925 

39.3 

Sales  and  office  occupations 

1,129 

23.1 

Service  occupations 

797 

16.3 

Construction,  extraction,  and  maintenance  occupations 

583 

11.9 

Production,  transportation,  and  material  moving 
occupations 

384 

7.8 

Farming,  fishing,  and  forestry  occupations 

77 

1.6 

INDUSTRY 

People 

Percent 

Educational,  health  and  social  services 

1,015 

20.7 

Public  administration 

754 

15.4 

Retail  trade 

424 

8.7 

Construction 

411 

8.4 

Agriculture,  forestry,  fishing  and  hunting,  and  mining 

410 

8.4 

Arts,  entertainment,  recreation,  accommodation  and  food 
services 

388 

7.9 

Professional,  scientific,  management,  administrative,  and 
waste  management  services 

321 

6.6 

Finance,  insurance,  real  estate,  and  rental  and  leasing 

320 

6.5 

Transportation  and  warehousing,  and  utilities 

236 

4.8 

Other  services  (except  public  administration) 

218 

4.5 

Manufacturing 

186 

3.8 

Wholesale  trade 

120 

2.5 

Information 

92 

1.9 

Total  number  of  people  (employed  civilian 
population  16  years  and  older) 

4,895 

100.0 
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Table  A-12.         Occupation  and  employment  industry  of  residents  in  Lewis  and  Clark  County. 

OCCUPATION 

People 

Percent 

Management,  professional,  and  related  occupations 

11,350 

39.6 

Sales  and  office  occupations 

7,886 

27.5 

Service  occupations 

4,217 

14.7 

Production,  transportation,  and  material  moving  occupations 

2,548 

8.9 

Construction,  extraction,  and  maintenance  occupations 

2,358 

8.2 

Farming,  fishing,  and  forestry  occupations 

292 

1.0 

INDUSTRY 

People 

Percent 

Educational,  health  and  social  services 

5,418 

18.9 

Public  administration 

4,934 

17.2 

Retail  trade 

3,086 

10.8 

Arts,  entertainment,  recreation,  accommodation  and  food  services 

2,540 

8.9 

Professional,  scientific,  management,  administrative,  and  waste  management  services 

2,405 

8.4 

Finance,  insurance,  real  estate,  and  rental  and  leasing 

2,185 

7.6 

Construction 

1,870 

6.5 

Other  services  (except  public  administration) 

1,559 

5.4 

Manufacturing 

1,073 

3.7 

Information 

1,052 

3.7 

Transportation  and  warehousing,  and  utilities 

1,011 

3.5 

Agriculture,  forestry,  fishing  and  hunting,  and  mining 

857 

3.0 

Wholesale  trade 

661 

2.3 

Total  number  of  people  (employed  civilian  population  16  years  and  over) 

28,651 

100.0 

A.2.3     Land  Ownership 

Various  private,  tribal,  state  and  federal  agencies  hold  title  to  portions  of  the  watershed,  as  shown  in 
Figure  A-27.  Land  ownership  is  summarized  for  the  watershed  as  a  whole  in  Table  A-13.  The  majority 
of  the  land  is  privately  owned,  totaling  231,974  acres  or  58.5  percent  of  the  watershed  area.  Federal  land 
holdings,  represented  by  agencies  such  as  the  U.S.  Forest  Service  (USFS)  and  the  Bureau  of  Land 
Management  (BLM),  comprise  a  total  of  159,91 1  acres  or  roughly  40  percent  of  the  watershed  area.  The 
Forest  Service  is  the  largest  federal  landowner  in  the  watershed,  and  represents  the  second  largest  land 
ownership  in  the  watershed  overall  with  responsibility  for  1 18,718  acres,  or  about  30  percent  of  the  total 
watershed  area.  Land  holdings  by  the  BLM,  the  Montana  Department  of  Natural  Resources  and 
Conservation  (DNRC),  and  the  Department  of  Defense  represent  8. 1  percent,  1 .4  percent,  and  0.8  percent 
of  total  watershed  area,  respectively. 
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Table  A-13.         Land  ownership  in  the  Lake  Helena  watershed. 


Area 

Land  Ownership  Description 

Acres 

Square  Miles 

Percent 

Private  land 

231,974 

362.5 

58.5 

US  Forest  Service 

118,718 

185.5 

30.0 

Bureau  of  Land  Management 

32,264 

50.4 

8.1 

Department  of  Natural  Resources  &  Conservation 

5,696 

8.9 

1.4 

Other  Department  of  Defense 

3,233 

5.1 

0.8 

Water 

2,832 

4.4 

0.7 

City  parks  or  open  space 

775 

1.2 

0.2 

Bureau  of  Reclamation 

467 

0.7 

0.1 

Montana  Fish,  Wildlife  &  Parks 

264 

0.4 

0.1 

Prickly  Pear  Land  Trust 

13 

0.0 

<0.1 

Total 

396,236 

619.1 

100.0 
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10    Miles 
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Figure  A-27.     Land  ownership  in  the  Lake  Helena  watershed. 
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A.2.4     Industry 

Several  industries  within  the  Lake  Helena  watershed  are  important  for  their  potential  impact  to  water 
quality.  These  include  mining,  agriculture,  and  forestry. 

A.2.5     Mining 

Helena  began  as  a  small  mining  town  following  the  discovery  of  gold  in  1864,  and  mining  remains  an 
active  industry  in  the  Lake  Helena  watershed  area.  Gold,  silver,  and  copper  are  the  primary  minerals  that 
are  mined  in  the  Lake  Helena  watershed  and  surrounding  areas.  Other  common  minerals  mined  within 
the  watershed  and  vicinity  include  lead,  zinc,  manganese,  and  uranium.  The  mining  districts  within  the 
Lake  Helena  watershed  include  the  following:  Missouri  River,  Marysville,  Scratch  Gravel  Hills,  Austin, 
Blue  Cloud,  Helena,  Rimini,  Montana  City,  McClellan,  Clancy,  Alhambra,  Colorado,  and  Elkhorn. 
These  districts  were  delineated  by  the  Montana  Abandoned  Mines  Reclamation  Bureau  in  1935  and  were 
revised  in  1995. 

Metal  and  Limestone  Mines 

Table  A- 14  lists  the  names,  types,  sizes  and  locations  of  metal  and  limestone  mines  in  the  Lake  Helena 
watershed.  This  information  was  obtained  from  Montana  DEQ's  Environmental  Management  Bureau. 
There  are  a  total  of  37  metal  and  limestone  mines  within  the  Lake  Helena  watershed,  however  not  all 
these  mines  are  currently  active. 


Table  A-14.         Metal  and  limestone  mines  in 

the  Lake  Helena  watershed. 

Name 

Mineral 

Acres 

County 

Location 

Private  Owner 

Gold,  Silver 

** 

Lewis  and  Clark 

Sec.  32  and  33, 
T9N,  R5W 

DEQ,  Mine  Waste 
Cleanup 

Gold 

1.0 

Lewis  and  Clark 

Sec.  1  and  2,  T9N, 
R4W 

EcoSafe  Gold 
Recovery  LLC 

Gold 

2.2 

Lewis  and  Clark 

Sec.  10,  T9N,  R4W 

Private  Owner 

Gold 

** 

Lewis  and  Clark 

Sec.  21  and  22, 
T11N,  R2W 

Private  Owner 

Gold,  Copper, 
Silver 

.5 

Lewis  and  Clark 

Sec.  34  and  33, 
T12N,  R6W 

Private  Owner 

Gold 

.5 

Lewis  and  Clark 

Sec.  27  and  28, 
T11N,  R4W 

Private  Owner 

Lead,  Silver 

** 

Lewis  and  Clark 

Sec.  6,  T8N,  R5W 

Private  Owner 

Gold 

.25 

Lewis  and  Clark 

Sec.  11  and  13, 
T11N,  R6W 

Private  Owner 

Gold,  Lead,  Silver, 
Zinc 

2.0 

Lewis  and  Clark 

Sec.  20,  21,  28  and 
29,  T8N,  R5W 

Private  Owner 

Gold 

.10 

Lewis  and  Clark 

Sec.  17,  T10N, 
R5W 

Private  Owner 

Gold 

2.0 

Lewis  and  Clark 

Sec.  2  and  3,  T9N, 
R4W 

Private  Owner 

Gold 

.10 

Lewis  and  Clark 

Sec.  11.T9N,  R4W 

Private  Owner 

Gold,  Silver 

2.0 

Lewis  and  Clark 

Sec.  20,  T8N,  R5W 
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Name 

Mineral 

Acres 

County 

Location 

Private  Owner 

Gold 

.50 

Lewis  and  Clark 

Sec.  6  and  7, 
T10N,  R4W 
Sec.  36,  T11N, 
R5W 

Private  Owner 

Gold,  Silver 

** 

Lewis  and  Clark 

Sec.  16,  20,  22  and 
23,  T9N,  R4W 

Private  Owner 

Gold 

.25 

Lewis  and  Clark 

Sec.  1.T10N,  R4W 

Private  Owner 

Copper,  Gold, 
Silver 

1.50 

Lewis  and  Clark 

Sec.  36,  T11&12N, 
R6W 

Private  Owner 

** 

.10 

Lewis  and  Clark 

Sec.  2  and  11, 
T9N,  R4W 

Private  Owner 

Gold 

1.0 

Lewis  and  Clark 

Sec  22  and  23, 

T11N,  R4W 

Private  Owner 

Gold 

2.0 

Lewis  and  Clark 

Sec.  23,  T11N, 
R4W 

Private  Owner 

Gold 

* 

Lewis  and  Clark 

Sec.  23N,  T11N, 
R4W 

Westmark 
International  Corp. 

Gold 

1.0 

Lewis  and  Clark 

Sec.  1.T11N.  R5W 

Whitehawk  Mineral 
Co. 

Limestone 

4.0 

Lewis  and  Clark 

Sec.  5,  T10N,  R5W 

Private  Owner 

Gold 

** 

Lewis  and  Clark 

Sec.  2,  T8N,  R5VV 

Ash  Grove  Cement 
Co 

Limestone 

145.0 

Lewis  and  Clark 
Jefferson 

Sec.  7  and  8,  T9N, 

R2W 

Sec.  12  and  13, 

T9N,  R3W 

Montana  Tunnels 
Mining  Inc. 

Gold,  Silver 

6,125 

Lewis  and  Clark 
Jefferson 

Sec.  4,  5,  8,  9,  16, 
17  and  20,  T7N, 
R4W 

Pegasus  Gold 
Montana 

Gold,  Silver 

1,804 

Lewis  and  Clark 
Jefferson 

Sec.  24,  25  and  35, 
T8N,  R6W 
Sec.  19  and  20, 
T8N,  R5W 

Private  Owner 

Gold,  Silver 

1.0 

Jefferson 

Sec.  17,  T8N,  R4W 

Private  Owner 

Gold 

.25 

Jefferson 

Sec  23  and  26, 
T9N,  R3W 

Private  Owner 

Gold 

.25 

Jefferson 

Sec.  17,  T8N,  R2W 

Private  Owner 

Gold,  Silver 

4.0 

Jefferson 

Sec.  13  and  14, 
T8N,  R4W 

Lindsay  &  Son 
Drilling 

Silica 

.20 

Jefferson 

Sec.  2,  T7N,  R3W 

Private  Owner 

Gold,  Copper, 
Lead,  Silver 

2.0 

Jefferson 

Sec.  29,  T7N,  R3W 

Mineral  Rights 
Unlimited 

Gold 

5.1 

Jefferson 

Sec.  1,  2  and  11, 
T9N,  R3W 

Private  Owner 

Gold 

5.0 

Jefferson 

Sec.  7,  8,  17  and 
18,  T9N,  R3W 

Private  Owner 

Gold 

Not  listed 

Jefferson 

Sec.  18,  T9N.R3W 

A-50 


Watershed  Characterization 


Appendix  A 


Lake  Helena  Watershed  Planning  Area 


Name 

Mineral 

Acres 

County 

Location 

Xanudu  Mining  Co. 
LLC 

Gold,  Platinum 

Not  listed 

Jefferson 

Sec.  28,  T7N,  R4W 

*  These  sites  are  inactive. 

**  These  sites  have  been  shut  down. 

Sand  and  Gravel  Mines 

Table  A- 15  lists  the  names,  sizes  and  locations  of  sand  and  gravel  mines  in  the  Lake  Helena  watershed. 
This  information  was  obtained  from  Montana  DEQ's  Environmental  Management  Bureau.  There  are  a 
total  of  20  sand  and  gravel  mines  mines  located  within  the  boundaries  of  the  Lake  Helena  watershed. 


Table  A-15. 

Sand  and  ; 

gravel  mines  in  the  Lake  Helena  watershed. 

Name 

Acres 

County 

Location 

Big  Sky  Ready  Mix 

100.00* 

Lewis  and  Clark 

NW1/4SE1/4  &  NY2SWY4,  Sec.  7,  T10N, 
R2W 

Fisher  Sand  &  Gravel 

19.5 

Lewis  and  Clark 

SW1/4NE1/4,  Sec.  7,  T12N,  R5W 

Gilman,  Jim  Excavating 

4.5 

Lewis  and  Clark 

NW1/4NW1/4,  Sec.  36,  T10N,  R2W 

Helena  Sand  &  Gravel 

16 

Lewis  and  Clark 

SE1/4SW1/4,  Sec.  23,  T10N,  R3W 

Helena  Sand  &  Gravel 

16.2 

Lewis  and  Clark 

NE1/4SW1/4,  Sec.  23,  T10N,  R3W 

Helena  Sand  &  Gravel 

304.00* 

Lewis  and  Clark 

W/2W/2EV2,  Sec.  17,  T10N,  R2W 

Helena  Sand  &  Gravel 

30 

Lewis  and  Clark 

NW1/4NW1/4,  N1/2SE1/4,  NW1/4,  Sec.  23, 
T10N,  R3W 

Helena  Sand  &  Gravel 

35 

Lewis  and  Clark 

SE1/4NE1/4,  Sec.  23,  T10N,  R3W 

Helena  Sand  &  Gravel 

80 

Lewis  and  Clark 

E1/2SE1/4,  Sec.  14,  T10N,  R3W 

Jim  Clark  &  Sons 
Contracting 

10.5 

Lewis  and  Clark 

SE1/4NW1/4,  Sec.  32,  T11N,  R2W 

Private  Owner 

141.75 

Lewis  and  Clark 

W1/2SE1/4,  Sec.  13,  T1 1N,  R4W 

Lewis  &  Clark  County 

2.5 

Lewis  and  Clark 

Sec.  16,  T10N,  R3W 

Lewis  &  Clark  County 

40 

Lewis  and  Clark 

WASWA,  Sec.  18,  T11N,  R3W 

Lewis  &  Clark  County 

0.5 

Lewis  and  Clark 

SW1/4,  Sec.  16,  T9N,  R5W 

Menth  Excavating  Inc 

10 

Lewis  and  Clark 

SW1/4SE1/4,  Sec.  34,  T11N,  R3W 

Riverside  Contracting 

9.9 

Lewis  and  Clark 

SWV4,  Sec.  35,  T10N,  R5W 

SK  Construction 

18.90** 

Lewis  and  Clark 

NW1/4,  Sec.  22,T10N,R3W 

Bluffs  Company 

7.50 

Jefferson 

SW1/4SW1/4,  Sec.  34,  T9N,  R3W 

Jefferson  County 

1.00 

Jefferson 

SWAS\N%,  Sec.  13,  T9N,  R3W 

Jefferson  County 

1.50 

Jefferson 

SW1/4SW%,  Sec.  15,  T9N,  R3W 

*     These  sites  have  not  been  mined  to  date. 
**  This  site  is  reclaimed  and  released. 
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Small  Mines 

Table  A- 16  and  Table  A- 17  show  the  types,  sizes  and  land  ownership  of  small  mines  in  Jefferson  and 
Lewis  and  Clark  counties.  This  information  was  obtained  from  Montana  DEQ's  Environmental 
Management  Bureau.  There  are  a  total  of  44  small  mines  within  both  counties,  however  not  all  these 
mines  are  located  within  the  boundaries  of  the  Lake  Helena  watershed.  The  majority  of  the  land  where 
the  mines  are  located  is  owned  by  the  Helena  National  Forest  or  by  private  owners. 


TableA-16. 

Small  mines  in  Jefferson  County. 

Operation  Type 

Acres 

Landowner 

Within 
watershed  ? 

Open  Pit 

0.2 

Forest  Service 

N/A 

Open  Pit 

N/A 

N/A 

N/A 

Open  Pit 

N/A 

BLM 

N/A 

Open  Pit 

2 

Private 

N/A 

Open  Pit 

N/A 

Private 

N/A 

Placer 

5.1 

Private 

Yes 

Placer 

4 

BLM 

Yes 

Placer 

1 

Private 

Yes 

Placer 

0.1 

Forest  Service 

No 

Placer 

0.25 

BLM 

Yes 

Placer 

0.1 

Forest  Service 

No 

Placer 

0.7 

Forest  Service 

N/A 

Placer 

5 

Private 

Yes 

Underground 

N/A 

Private 

N/A 

Underground 

0.25 

Forest  Service 

No 

Underground 

N/A 

Forest  Service,  Private 

N/A 

Underground 

4 

Forest  Service 

No 

Underground 

N/A 

Forest  Service 

No 

Underground 

0.25 

Forest  Service 

N/A 

Underground,  Open  Pit 

0.25 

Forest  Service,  Private 

N/A 

Underground,  Open  Pit 

3 

Private 

N/A 

Underground,  Open  Pit 

3 

Private 

N/A 

Underground,  Placer 

0.33 

Forest  Service 

N/A 
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Table  A-17.        Small  mines  in  Lewis  and  Clark  County. 

Operation  Type 

Acres 

Landowner 

Within 
watershed? 

Open  Pit 

N/A 

Private 

Yes 

Open  Pit 

0.1 

Forest  Service 

Yes 

Open  Pit 

0.1 

Forest  Service 

Yes 

Open  Pit 

2 

Forest  Service 

N/A 

Open  Pit 

2 

Forest  Service 

N/A 

Open  Pit 

1.5 

BLM,  Forest  Service 

N/A 

Open  Pit 

4 

BLM 

Yes 

Open  Pit,  Placer 

2 

Private 

Yes 

Open  Pit,  Underground 

0.5 

Forest  Service 

N/A 

Placer 

1 

Private 

Yes 

Placer 

0.1 

Private 

Yes 

Placer 

N/A 

Private 

N/A 

Placer 

1 

BLM 

Yes 

Placer 

2 

BLM 

Yes 

Placer 

0.5 

BLM 

Yes 

Prospecting 

0.5 

Forest  Service,  State 

Yes 

Underground 

0.25 

BLM 

Yes 

Underground 

N/A 

Forest  Service 

Yes 

Underground 

N/A 

Private 

N/A 

Underground 

N/A 

Forest  Service,  Private 

Yes 

Underground 

N/A 

Forest  Service 

N/A 
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Abandoned  Mines 

The  Montana  Department  of  Environmental  Quality's  Abandoned  Mine  Reclamation  Section  of  the  Mine 
Waste  Cleanup  Bureau  oversees  the  reclamation  of  abandoned  mines  in  Montana.  Abandoned  mines  are 
ranked  in  a  priority  order  for  reclamation  based  on  the  protection  of  public  health,  safety,  welfare  and 
property  from:  1 )  extreme  danger,  2)  adverse  effects  of  mineral  mining  and  processing,  and  3)  the 
restoration  of  land  and  water  resources.  The  Mine  Waste  Cleanup  Bureau's  priority  list  ranks  all  the 
known  abandoned  mines  and  mine  affected  sites  in  the  state  in  need  of  remediation.  Table  A- 18  shows  the 
abandoned  mines  in  the  Lake  Helena  watershed  which  have  undergone  reclamation.  In  many  of  instances 
where  no  mineral  is  listed,  a  structural  hazard  such  as  an  adit,  has  been  reclaimed.  In  the  Lake  Helena 
watershed,  74  abandoned  mine  sites  have  undergone  clean-up,  while  335  remain  on  the  list  for 
remediation. 


Table  A-18. 


Reclaimed  abandoned  mines  in  the  Lake  Helena  watershed. 


Name 

Mineral 

County 

Location 

96  Phoenix 

NA 

Lewis  and  Clark 

Sec. 36,  T10N,  R4W 

Aster 

NA 

Lewis  and  Clark 

Sec.33,  T11N,   R4W 

Bald  Mountain  Marysville 
Dist. 

Gold,  Silver 

Lewis  and  Clark 

Sec.35,  T12N,  R6W 

Blue  Cloud  1 

NA 

Lewis  and  Clark 

Sec. 30,  T10N,  R4W 

Blue  Cloud  II 

NA 

Lewis  and  Clark 

Sec. 12,  T10N,  R5W 

Bonanza  Gray  Rock 

Lead 

Lewis  and  Clark 

Sec.36,  T11N,  R4W 

Broadwater 

NA 

Lewis  and  Clark 

Sec. 28,  T10N,  R4W 

Chaucer  Quarry 

NA 

Lewis  and  Clark 

Sec.31,T10N,  R3W 

Colorado  Gulch 

Tungsten 

Lewis  and  Clark 

Sec.  13,  T9N,  R5W 

Contention 

NA 

Lewis  and  Clark 

Sec.15,  T9N,  R4W 

Crossroads 

NA 

Lewis  and  Clark 

Sec.1,T11N,  R6W 

Cycle 

NA 

Lewis  and  Clark 

Sec.35,  T1  ON,  R4W 

Davis  Gulch  1 

NA 

Lewis  and  Clark 

Sec.31,T10N,  R3W 

Davis  Gulch  III 

NA 

Lewis  and  Clark 

Sec.1,T9N,  R4W 

Dry  Gulch  Helena  Dist. 

Calcium 

Lewis  and  Clark 

Sec. 12,  T9N,  R4W 

Elma 

NA 

Lewis  and  Clark 

Sec.27,  T11N,  R4W 

Gray  Rock 

Zinc,  Copper,  Gold 

Lewis  and  Clark 

Sec.11,T9N,  R4W 

Grizzly  Gulch  II 

Calcium 

Lewis  and  Clark 

Sec.3,  T9N,  R4W 

Grizzly  Gulch  III 

Calcium 

Lewis  and  Clark 

Sec.36,  T1  ON,  R4W 

Hawkeye  Helena  Dist. 

NA 

Lewis  and  Clark 

Sec.31,T10N,  R3W 

Head  Lane 

NA 

Lewis  and  Clark 

Sec.34,T11N,  R4W 

Howard  Grizzly  Gulch  1 

NA 

Lewis  and  Clark 

Sec.35,  T10N,  R4W 

Independence  Helena  Dist. 

Copper,  Gold, 
Uranium,  Zinc 

Lewis  and  Clark 

Sec.11,T9N,  R4W 

John  G  Mine  1 

NA 

Lewis  and  Clark 

Sec.26,  T11N,  R4W 

John  G  Mine  II 

NA 

Lewis  and  Clark 

Sec.26,  T11N,  R4W 

Julia  Scratchgravel  Dist. 

NA 

Lewis  and  Clark 

Sec.2,  T10N,  R4W 

Justice  Rimini  Dist. 

Lead,  Silver,  Zinc, 
Gold 

Lewis  and  Clark 

Sec. 6,  T8N,  R5W 

Le  Grand  Canyon 

NA 

Lewis  and  Clark 

Sec.27,  T10N,  R4W 

Lexington  Scratchgravel  Dist. 

Silver 

Lewis  and  Clark 

Sec.35,  T11N,  R4W 

Lombardy 

NA 

Lewis  and  Clark 

Sec.27,  T10N,  R4W 
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Name 

Mineral 

County 

Location 

May  Be  So 

NA 

Lewis  and  Clark 

Sec.4,  T9N,  R3W 

McLeod 

NA 

Lewis  and  Clark 

Sec.2,  T10N,  R4W 

Mount  Helena  Park 

NA 

Lewis  and  Clark 

Sec.36,  T10N,  R4W 

Mt  Ascension  Heights 

NA 

Lewis  and  Clark 

Sec.31,T10N,  R3W 

North  Star  Marysville  Dist. 

NA 

Lewis  and  Clark 

Sec.36,  T12N.R6W 

Northside 

NA 

Lewis  and  Clark 

Sec.36,  T12N,  R6W 

Oompaul 

NA 

Lewis  and  Clark 

Sec.35,  T11N,  R4W 

Orofino  Ridge 

NA 

Lewis  and  Clark 

Sec.1,T9N,  R4W 

Pearson 

NA 

Lewis  and  Clark 

Sec.1,T10N,  R4W 

Red  Letter 

NA 

Lewis  and  Clark 

Sec.4,  T9N,  R3W 

Scratchgravel  1 

Gold 

Lewis  and  Clark 

Sec.1,T10N,  R4W 

Shannon 

Gold,  Silver 

Lewis  and  Clark 

Sec.3,  T11N,  R6W 

South  Saddle 

NA 

Lewis  and  Clark 

Sec.1,T10N,  R4W 

Spring  Hill  Tailings 

Lead,  Copper,  Gold 

Lewis  and  Clark 

Sec.3,  T9N,  R4W 

Susie 

NA 

Lewis  and  Clark 

Sec.6,  T9N,  R3W 

War  Eagle  Austin  Dist. 

Lead,  Silver,  Iron 

Lewis  and  Clark 

Sec.10,  T10N,  R5W 

Witch  Of  Ender 

NA 

Lewis  and  Clark 

Sec.1,T10N,  R4W 

Sparta 

NA 

Lewis  and  Clark 

Sec.  36,  T10N,  R4W 

Touchstone  II 

NA 

Lewis  and  Clark 

Sec.  31.T10N,  R3W 

Alta 

Gold,  Lead,  Silver, 
Zinc 

Jefferson 

Sec.10,  T07N,  R4W 

Diehl  1 

NA 

Jefferson 

Sec.5,  T9N,  R3W 

Diehl  II 

NA 

Jefferson 

Sec.5,  T9N,  R3W 

Dike 

NA 

Jefferson 

Sec.  18,  T9N,  R2W 

Euclid 

Gold,  Silver 

Jefferson 

Sec. 17,  T8N,  R2W 

Haynes  II 

NA 

Jefferson 

Sec.17,  T8N,  R3W 

Kaiser  Augusta 

NA 

Jefferson 

Sec.  18,  T9N,  R2W 

Lump  Gulch 

NA 

Jefferson 

Sec.32,  T9N,  R3W 

Marks  Lump  Gulch 

NA 

Jefferson 

Sec.4,  T8N,  R3W 

Marks  Ridge  Line 

NA 

Jefferson 

Sec.7,  T8N,  R3W 

Maupin  Creek 

NA 

Jefferson 

Sec.17,  T8N,  R2W 

McClellan  Creek 

NA 

Jefferson 

Sec.32,  T9N,  R2W 

Meadow 

Lead,  Silver,  Zinc 

Jefferson 

Sec.34,  T9N,  R3W 

Mill  Creek  McClellan  Dist. 

NA 

Jefferson 

Sec.7,  T8N,  R2W 

Moonlight  Clancy  Dist. 

NA 

Jefferson 

Sec.33,  T9N,  R3W 

Nancy  Hanks  Faith  Hope 

NA 

Jefferson 

Sec.9,  T9N,  R3W 

Nellie  Grant 

Lead,  Silver,  Gold 

Jefferson 

Sec.14,  T8N,  R5W 

New  Stake 

Silver,  Zinc 

Jefferson 

Sec.9,  T8N,  R3W 

Old  Abe 

NA 

Jefferson 

Sec.33,  T9N,  R3W 

Overland 

NA 

Jefferson 

Sec.18,  T9N,  R2W 

Strawberry  Creek 

NA 

Jefferson 

Sec.7,  T8N,  R2W 

Tick  City 

NA 

Jefferson 

Sec.8,  T8N,  R3W 

Tycoon 

NA 

Jefferson 

Sec.33,  T9N,  R3W 

Walker  1 

NA 

Jefferson 

Sec.4,  T9N,  R3W 

Walker  II 

NA 

Jefferson 

Sec.3,  T9N,  R3W 
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Figure  A-28  shows  the  distribution  of  abandoned  mines  within  the  Lake  Helena  watershed.  The  locations 
of  these  mines  were  obtained  from  a  GIS  coverage  published  by  the  Montana  State  Library  in  cooperation 
with  the  Montana  Bureau  of  Mines  and  Geology.  The  data  was  generated  from  the  U.S.  Bureau  of  Mines' 
Minerals  Industry  Location  System  (MILS)  database  in  October  2002.  According  to  this  source,  there  are 
427  abandoned  mines  within  the  Lake  Helena  watershed. 
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Figure  A-28.      Location  of  abandoned  mines  within  the  Lake  Helena  watershed. 
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A.2.6     Agriculture 

According  to  the  U.S.  Department  of  Agriculture's  1997  Agricultural  Census,  there  are  a  total  of  768 
farms  in  Jefferson  and  Lewis  and  Clark  counties  (USDA,  1997).  Of  those,  502  are  located  in  Lewis  and 
Clark  County  and  266  are  in  Jefferson  County.  They  cover  approximately  1,853  square  miles  of  land  in 
total.  In  both  counties,  the  number  of  farms  has  increased  from  1987  to  1997,  but  the  average  sizes  of  the 
farms  and  the  total  amount  of  farmland  have  decreased. 

A.2.7     Forestry 

Forestry  is  another  important  industry  in  the  Lake  Helena  watershed.  According  to  the  U.S.  Forest 
Service  Forest  Inventory  and  Analysis  Database  Retrieval  System,  there  are  approximately  833  square 
miles  of  forestland  in  Jefferson  and  Lewis  and  Clark  counties.  Table  A- 19  shows  the  estimated  area  of 
forested  land  in  square  miles  by  county.  Although  the  majority  of  the  land  (70  %)  in  the  two  counties  is 
non-forest,  nearly  93  percent  of  the  forest  land  is  timberland. 


Table  A-19.         Forested  area  in  Jefferson  County  and  Lewis  and  Clark  County. 

County 

All  land 
(sq.  mi.) 

Total  forest 
(sq.  mi.) 

Timberland 
(sq.  mi.) 

Other  forest 
(sq.  mi.) 

Reserved 

Timberland 

(sq.  mi.) 

Non-forest 
land  (sq.  mi.) 

Jefferson 

856.1 

202.3 

199.7 

2.7 

0.0 

653.9 

Lewis  &  Clark 

1978.4 

631.4 

574.8 

6.7 

49.8 

1347.0 

Total 

2834.5 

833.8 

774.5 

9.4 

49.8 

2000.9 

A.2.8     Point  Sources 

In  2003,  the  Montana  DEQ's  Water  Protection  Bureau  provided  information  on  the  active  permitted  point 
source  wastewater  discharges  in  the  Lake  Helena  watershed.  There  are  approximately  twenty-one  active 
point  sources  in  the  watershed,  including  standard  Montana  Pollution  Discharge  Elimination  System 
(MPDES)  permitees,  individual  or  general  permits,  stormwater  discharge  permits,  and  general  industrial 
or  general  mining  permits.  Active  permits  are  described  in  Table  A-20. 
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Table  A-20.       Active  point  source  discharge  permits  in  the  Lake  Helena  watershed. 


Permit  ID 

Permit  Holder 

Type  of  Permit 

MT0000426 

AIR  LIQUIDE  AMERICA  CORP 

STANDARD 

MT0030147 

ASARCO  INC.  (EAST  HELENA) 

STANDARD 

MTR000072 

ASARCO  INCORPORATED 

STORMWATER 

MT0000451 

ASH  GROVE  CEMENT  COMPANY 

STANDARD 

MTR300113 

ASH  GROVE  CEMENT  COMPANY 

STORMWATER 

MT0028690 

BASIN  CREEK  MINING  INC 

STANDARD 

MTR000418 

BUILDING  MATERIALS  HOLDING  COR 

STORMWATER 

MT0022560 

EAST  HELENA -CITY  OF 

STANDARD 

MT0023566 

EVERGREEN  NURSING  HOME 

STANDARD 

MTG790002 

EXXON  -  HELENA  TERMINAL 

GENERAL 

MTR000271 

HELENA  REGIONAL  AIRPORT 

STORMWATER 

MT0028720 

HELENA,  CITY  OF  (WTP) 

STANDARD 

MT0022641 

HELENA-CITY  OF 

STANDARD 

MT0000949 

HELENA-CITY  OF  (WTP) 

STANDARD 

MTR000363 

LEWIS  &  CLARK  COUNTY  LANDFILL 

STORMWATER 

MTR000006 

AIR  LIQUIDE  AM  CORP 

STORMWATER 

MT0025020 

MONTANA  GOLD  &  SAPPHIRES  INC 

STANDARD 

MTR000361 

MONTANA  RAIL  LINK 

STORMWATER 

MT0028428 

MONTANA  TUNNELS  MINING,  INC 

STANDARD 

MTR000430 

PACIFIC  STEEL  AND  RECYCLING 

STORMWATER 

MTR000334 

UPS  HELENA  CENTER 

STORMWATER 
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B.O  WATER  QUALITY  STANDARDS 

B.l      Classification  and  Beneficial  Uses 

Classification  is  the  assignment  (designation)  of  a  single  or  group  of  uses  to  a  water  body  based  on  the 
potential  of  the  water  body  to  support  those  uses.  Designated  uses  or  beneficial  uses  are  simple  narrative 
descriptions  of  water  quality  expectations  or  water  quality  goals.  There  are  a  variety  of  "uses"  of  state 
waters,  including:  growth  and  propagation  offish  and  associated  aquatic  life;  drinking  water;  agriculture; 
industrial  supply;  and  recreation  and  wildlife.  The  Montana  Water  Quality  Act  ( WQA)  directs  the  Board 
of  Environmental  Review  (BER,  i.e.,  the  state)  to  establish  a  classification  system  for  all  waters  of  the 
state  that  includes  their  present  (when  the  Act  was  originally  written)  and  future  most  beneficial  uses 
(Administrative  Rules  of  Montana  (ARM)  17.30.607-616)  and  to  adopt  standards  to  protect  those  uses 
(ARM  17.30.620-670). 

Montana,  unlike  many  other  states,  uses  a  watershed  based  classification  system  with  some  specific 
exceptions.  As  a  result,  all  waters  of  the  state  are  classified  and  have  designated  uses  and  supporting 
standards.  All  classifications  have  multiple  uses  and  in  only  one  case  (A-Closed)  is  a  specific  use 
(drinking  water)  given  preference  over  the  other  designated  uses.  Some  waters  may  not  actually  be  used 
for  a  specific  designated  use,  for  example  as  a  public  drinking  water  supply.  However,  the  quality  of  that 
water  body  must  be  maintained  as  suitable  for  that  designated  use.  When  natural  conditions  limit  or 
preclude  a  designated  use,  permitted  point  source  discharges  or  non-point  source  discharges  may  not 
make  the  natural  conditions  worse. 

Descriptions  of  Montana's  surface  water  classifications  and  designated  beneficial  uses  are  presented  in 
Table  B-l.  All  water  bodies  within  the  Lake  Helena  watershed  are  classified  as  B-l,  with  two  exceptions. 
Tenmile  Creek  from  its  headwaters  to  the  Helena  public  water  supply  intake  above  Rimini  is  classified  A- 
1,  and  Prickly  Pear  Creek  from  the  Highway  433  crossing  to  Lake  Helena  is  classified  I.  The  geographic 
distribution  of  stream  classifications  within  the  Lake  Helena  watershed  is  shown  in  Figure  B-l. 

B.2      Standards 

In  addition  to  the  Use  Classifications  described  above,  Montana's  water  quality  standards  include  numeric 
and  narrative  criteria  as  well  as  a  nondegradation  policy  that  currently  applies  to  the  numeric  criteria. 

Numeric  surface  water  quality  standards  have  been  developed  for  many  parameters  to  protect  human 
health  and  aquatic  life.  These  standards  are  in  the  Department  Circular  WQB-7  (MDEQ,  2002).  The 
numeric  human  health  standards  have  been  developed  for  parameters  determined  to  be  toxic, 
carcinogenic,  or  harmful  and  have  been  established  at  levels  to  be  protective  of  long-term  (i.e.,  life-long) 
exposures  as  well  as  through  direct  contact  such  as  swimming. 

The  numeric  aquatic  life  standards  include  chronic  and  acute  values  that  are  based  on  extensive  laboratory 
studies  including  a  wide  variety  of  potentially  affected  species,  a  variety  of  life  stages  and  durations  of 
exposure.  Chronic  aquatic  life  standards  are  protective  of  long-term  exposure  to  a  parameter.  The 
protection  afforded  by  the  chronic  standards  includes  reproduction,  early  life  stage  survival  and  growth 
rates.  In  most  cases  the  chronic  standard  is  more  stringent  than  the  corresponding  acute  standard.  Acute 
aquatic  life  standards  are  protective  of  short-term  exposures  to  a  parameter  and  are  not  to  be  exceeded. 

High  quality  waters  are  afforded  an  additional  level  of  protection  by  the  nondegradation  rules  (ARM 
17.30.701  et.  seq.,)  and  in  statute  (75-5-303  MCA).  Changes  in  water  quality  must  be  "non-significant" 
or  an  authorization  to  degrade  must  be  granted  by  the  Department.  However  under  no  circumstance  may 
standards  be  exceeded.  It  is  important  to  note  that  waters  that  meet  or  are  of  better  quality  than  a  standard 
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are  considered  "high  quality"  for  that  parameter,  and  nondegradation  policies  apply  to  new  or  increased 
discharges  to  that  the  water  body. 

Narrative  standards  have  been  developed  for  substances  or  conditions  for  which  sufficient  information 
does  not  exist  to  develop  specific  numeric  standards.  The  term  "Narrative  Standards"  commonly  refers  to 
the  General  Prohibitions  in  ARM  17.30.637  and  other  descriptive  portions  of  the  surface  water  quality 
standards.  The  General  Prohibitions  are  also  called  the  "free  from"  standards;  that  is,  the  surface  waters 
of  the  state  must  be  free  from  substances  attributable  to  discharges,  including  thermal  pollution,  that 
impair  the  beneficial  uses  of  a  water  body.  Uses  may  be  impaired  by  toxic  or  harmful  conditions  (from 
one  or  a  combination  of  parameters)  or  conditions  that  produce  undesirable  aquatic  life.  Undesirable 
aquatic  life  includes  bacteria,  fungi  and  algae. 

The  standards  applicable  to  the  list  of  pollutants  addressed  in  the  Lake  Helena  watershed  TPA  are 
summarized,  one-by-one,  in  the  sections  that  follow. 

Table  B-l.     Montana  surface  water  classifications  and  designated  beneficial  uses. 


Classification 

Designated  Uses 

A-CLOSED 
CLASSIFICATION: 

Waters  classified  A-Closed  are  to  be  maintained  suitable  for  drinking,  culinary 
and  food  processing  purposes  after  simple  disinfection. 

A-1  CLASSIFICATION: 

Waters  classified  A-1  are  to  be  maintained  suitable  for  drinking,  culinary  and 
food  processing  purposes  after  conventional  treatment  for  removal  of  naturally 
present  impurities. 

B-1  CLASSIFICATION: 

Waters  classified  B-1  are  to  be  maintained  suitable  for  drinking,  culinary  and 
food  processing  purposes  after  conventional  treatment;  bathing,  swimming  and 
recreation;  growth  and  propagation  of  salmonid  fishes  and  associated  aquatic 
life,  waterfowl  and  furbearers;  and  agricultural  and  industrial  water  supply. 

B-2  CLASSIFICATION: 

Waters  classified  B-2  are  to  be  maintained  suitable  for  drinking,  culinary  and 
food  processing  purposes  after  conventional  treatment;  bathing,  swimming  and 
recreation;  growth  and  marginal  propagation  of  salmonid  fishes  and  associated 
aquatic  life,  waterfowl  and  furbearers;  and  agricultural  and  industrial  water 
supply. 

B-3  CLASSIFICATION: 

Waters  classified  B-3  are  to  be  maintained  suitable  for  drinking,  culinary  and 
food  processing  purposes  after  conventional  treatment;  bathing,  swimming  and 
recreation;  growth  and  propagation  of  non-salmonid  fishes  and  associated 
aquatic  life,  waterfowl  and  furbearers;  and  agricultural  and  industrial  water 
supply. 

C-1  CLASSIFICATION: 

Waters  classified  C-1  are  to  be  maintained  suitable  for  bathing,  swimming  and 
recreation;  growth  and  propagation  of  salmonid  fishes  and  associated  aquatic 
life,  waterfowl  and  furbearers;  and  agricultural  and  industrial  water  supply 

C-2  CLASSIFICATION: 

Waters  classified  C-2  are  to  be  maintained  suitable  for  bathing,  swimming  and 
recreation;  growth  and  marginal  propagation  of  salmonid  fishes  and  associated 
aquatic  life,  waterfowl  and  furbearers;  and  agricultural  and  industrial  water 
supply. 

C-3  CLASSIFICATION: 

Waters  classified  C-3  are  to  be  maintained  suitable  for  bathing,  swimming  and 
recreation;  growth  and  propagation  of  non-salmonid  fishes  and  associated 
aquatic  life,  waterfowl  and  furbearers    The  quality  of  these  waters  is  naturally 
marginal  for  drinking,  culinary  and  food  processing  purposes,  agriculture  and 
industrial  water  supply. 

I  CLASSIFICATION: 

The  goal  of  the  State  of  Montana  is  to  have  these  waters  fully  support  the 
following  uses:  drinking,  culinary  and  food  processing  purposes  after 
conventional  treatment;  bathing,  swimming  and  recreation;  growth  and 
propagation  of  fishes  and  associated  aquatic  life,  waterfowl  and  furbearers;  and 
agricultural  and  industrial  water  supply 

B-2 
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Figure  B-1.  Beneficial  water  use  classifications  in  the  Lake  Helena  watershed. 
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B.2.1      Nutrients 

Most  waters  of  Montana  arc  protected  from  excessive  nutrient  concentrations  by  narrative  standards.  The 
exception  is  the  Clark  Fork  River  above  the  confluence  with  the  Flathead  River,  where  numeric  water 
quality  standards  have  been  adopted.  These  standards  are  300  ug/1  for  total  nitrogen  and  20  ug/1 
(upstream  of  the  confluence  with  the  Blackfoot  River)  and  39  ug/1  (downstream  of  the  confluence)  for 
total  phosphorus.  A  related  standard  has  been  established  for  algal  biomass  measured  as  chlorophyll  a, 
which  is  1 00  mg/m"  as  a  summer  mean  concentration  and  1 50  mg/m"  as  a  maximum  value. 

The  narrative  standards  applicable  to  nutrients  elsewhere  in  Montana  are  contained  in  the  General 
Prohibitions  of  the  surface  water  quality  standards  (ARM  17.30.637  et  seq.)  Seq.,).  The  prohibition 
against  the  creation  of  "conditions  which  produce  undesirable  aquatic  life"  is  generally  the  most  relevant 
to  nutrients. 

B.2.2     Ammonia 

The  30-day  average  (chronic)  and  1-hour  average  (acute)  criteria  for  total  ammonia-nitrogen  (expressed 
in  mg/L  as  N)  are  calculated  using  equations  in  Circular  WQB-7  (MDEQ,  2002).  In  addition,  the  highest 
four-day  average  concentration  within  any  30-day  time  period  should  not  exceed  2.5  times  the  chronic 
criterion.  The  acute  criterion  in  Circular  WQB-7  is  calculated  on  the  basis  of  the  instream  pH  value, 
while  the  chronic  criterion  is  determined  on  the  basis  of  pH  and  the  presence  or  absence  of  early  life 
stages  offish  (MDEQ,  2002).  The  pH  dependent  acute  and  chronic  criteria  values  are  shown  in  Table  B- 
2  and  Table  B-3  below. 


Table  B-2.     pH  dependent  values  of  the  CMC  (acute  criterion)  ammonia  standard  (mg/L) 


PH 

CMC  total  Ammonia 

nitrogen  (mg/L  NH3  plus 

NH4-N) 

Salmonids 
Present 

Salmonids 
Absent 

6.5 

32.6 

48.8 

66 

31.3 

46.8 

6.7 

29.8 

44.6 

6.8 

28.1 

42.0 

6.9 

26.2 

39.1 

7.0 

24.1 

36.1 

7.1 

22.0 

32.8 

7.2 

19.7 

29.5 

7.3 

17.5 

26.2 

7.4 

15.4 

23.0 

7.5 

13.3 

19.9 

7.6 

11.4 

17.0 

7.7 

9.65 

14.4 

7.8 

8.11 

12.1 

7  9 

6.77 

10.1 
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PH 

CMC  total  Ammonia 

nitrogen  (mg/L  NH3  plus 

NH4-N) 

Salmonids 
Present 

Salmonids 
Absent 

8.0 

5.62 

8.40 

8.1 

4.64 

6.95 

8.2 

3.83 

5.72 

8.3 

3.15 

4.71 

8.4 

2.59 

3.88 

8.5 

2.14 

3.20 

8.6 

1.77 

2.65 

8.7 

1.47 

2.20 

8.8 

1.23 

1.84 

8.9 

1.04 

1.56 

9.0 

0.885 

1.32 

Table  B-3.     Temperature  and  pH  dependent  values  of  the  CCC  (chronic  criterion)  ammonia 

standard  for  early  life  stages  present 


Temperature,  C 

CCC  for  Fish  Life  St 
(mg 

ages  Present,  total  ammonia 
/I  NH3-N  plus  NH4-N) 

nitrogen 

CCC  for  Fish  Life  Stages  Abs 
(mg/l  NH3-N 

ent,  total  ar 
plus  NH4-N 

nmonia  nitrogen 

PH 

0 

14 

16 

18 

20 

22 

24 

26 

28 

30 

0-7 

8 

9 

10 

11 

12 

13 

14 

15* 

16* 

6.5 

6.7 

6.7 

6.1 

5.3 

4.7 

4.1 

3.6 

3.2 

2.8 

2.5 

10.8 

10.1 

9.51 

8.9 

8.4 

7.8 

7.4 

6.9 

6.5 

6.1 

6.6 

6.6 

6.6 

6.1 

5.3 

4.6 

4.1 

3.6 

3.1 

2.8 

2.4 

10.7 

10.0 

9.4 

8.8 

8.2 

7.7 

7.2 

6.8 

6.4 

6.0 

6.7 

6.4 

6.4 

6.0 

5.2 

4.5 

4.0 

3.5 

3.1 

2.7 

2.4 

10.5 

9.81 

9.2 

8.6 

8.1 

7.6 

7.1 

6.7 

6.3 

5.9 

6.8 

6.3 

6.3 

5.9 

5.0 

4.4 

3.9 

3.4 

3.0 

2.6 

2.3 

10.2 

9.58 

8.98 

8.4 

7.9 

7.4 

6.9 

6.5 

6.1 

5.7 

6.9 

6.1 

6.1 

5.7 

4.9 

4.3 

3.8 

3.3 

2.9 

2.6 

2.3 

9.93 

9.31 

8.73 

8.2 

7.7 

7.2 

6.8 

6.3 

5.9 

5.6 

7.0 

5.9 

5.9 

5.6 

4.7 

4.2 

3.7 

3.2 

2.8 

2.5 

2.2 

9.6 

9.0 

8.43 

7.9 

7.4 

6.9 

6.5 

6.1 

5.7 

5.4 

7.1 

5.7 

6.7 

5.4 

4.5 

4.0 

3.5 

3.1 

2.7 

2.4 

2.1 

9.2 

8.6 

8.1 

7.6 

7.1 

6.7 

6.3 

5.9 

5.5 

5.2 
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Temperature,  C 

CCC  for  Fish  Life  St 
(mg 

ages  Present,  total  ammonia 
/I  NH3-N  plus  NH4-N) 

nitrogen 

CCC  for  Fish  Life  Stages  Abs 
(mg/l  NH3-N 

ent,  total  ammonia  nitrogen 

plus  NH4-N) 

7.2 

5.4 

5.4 

5.2 

4.3 

3.8 

3.3 

2.9 

2.6 

2.3 

2.0 

8.8 

8.2 

7.7 

7.2 

6.8 

6.3 

5.9 

5.6 

5.2 

4.9 

7.3 

5.1 

5.1 

5.0 

4.1 

3.6 

3.1 

2.8 

2.4 

2.1 

1.9 

8.24 

7.73 

7.25 

6.8 

6.4 

6.0 

5.6 

5.3 

4.9 

4.6 

7.4 

4.8 

4.7 

4.6 

3.8 

3.3 

2.9 

2.6 

2.3 

2.0 

1.7 

7.7 

7.21 

6.76 

6.3 

5.9 

5.6 

5.2 

4.9 

4.6 

4.3 

7.5 

4.4 

4.4 

4.3 

3.5 

3.1 

2.7 

2.4 

2.1 

1.8 

1.6 

7.1 

6.64 

6.23 

5.8 

5.5 

5.1 

4.8 

4.5 

4.23 

3.97 

7.6 

4.0 

4.0 

4.0 

3.2 

2.8 

2.5 

2.2 

1.9 

1.7 

1.5 

6.5 

6.05 

5.67 

5.3 

5.0 

4.7 

4.4 

4.1 

3.85 

3.61 

7.7 

3.6 

3.6 

3.6 

2.9 

2.5 

2.2 

1.9 

1.7 

1.5 

1.3 

5.81 

5.45 

5.11 

4.8 

4.5 

4.2 

4.0 

3.7 

3.47 

3.25 

7.8 

3.2 

3.2 

3.3 

2.5 

2.2 

2.0 

1.7 

1.5 

1.3 

1.2 

5.17 

4.84 

4.54 

4.3 

4.0 

3.7 

3.5 

3.3 

3.1 

2.9 

7.9 

2.8 

2.8 

2.9 

2.2 

2.0 

1.7 

1.5 

1.3 

1.2 

1.0 

4.54 

4.26 

3.99 

3.7 

3.5 

3.3 

3.1 

2.9 

2.7 

2.54 

8.0 

2.4 

2.4 

2.2 

2.0 

1.7 

1.5 

1.3 

1.2 

1.0 

0.9 

3.95 

3.70 

3.47 

3.3 

3.1 

2.9 

2.7 

2.5 

2.4 

2.21 

8.1 

2.1 

2.1 

2.0 

1.7 

1.5 

1.3 

1.1 

1.0 

0.9 

0.8 

3.41 

3.19 

2.99 

2.8 

2.6 

2.5 

2.3 

2.2 

2.03 

1.91 

8.2 

1.8 

1.8 

1.6 

1.4 

1.3 

1.1 

1.0 

0.9 

0.8 

0.7 

2.91 

2.73 

2.56 

2.4 

2.3 

2.1 

2.0 

1.9 

1.74 

1.63 

8.3 

1.5 

1.5 

1.4 

1.2 

1.1 

1.0 

0.8 

0.7 

0.6 

0.6 

2.47 

2.32 

2.18 

2.0 

1.9 

1.8 

1.7 

1.6 

1.5 

1.4 

8.4 

1.3 

1.3 

1.2 

1.0 

1.0 

0.8 

0.7 

0.6 

0.5 

0.5 

2.09 

1.96 

1.84 

1.7 

1.6 

1.5 

1.4 

1.3 

1.3 

1.2 

8.5 

1.1 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.5 

0.4 

1.77 

1.66 

1.55 

1.5 

1.4 

1.3 

1.2 

1.1 

1.1 

0.99 

8.6 

0.9 

0.9 

0.8 

0.7 

0.6 

0.6 

0.5 

0.4 

0.4 

0.3 

1.49 

1.4 

1.31 

1.2 

1.2 

1.1 

1.0 

1.0 

0.89 

0.84 

8.7 

0.8 

0.8 

0.7 

0.6 

0.5 

0.5 

0.4 

0.4 

0.3 

0.3 

1.26 

1.18 

1.11 

1.0 

1.0 

0.9 

0.9 

0.8 

0.75 

0.71 
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Temperature,  C 

CCC  for  Fish  Life  Stages  Present,  total  ammonia  nitrogen 
(mg/l  NH3-N  plus  NH4-N) 

CCC  for  Fish  Life  Stages  Absent,  total  ammonia  nitrogen 
(mg/l  NH3-N  plus  NH4-N) 

8.8 

0.7 

0.7 

0.6 

0.5 

0.5 

0.4 

0.4 

0.3 

0.3 

0.2 

1.07 

1.01 

0.94 

0.9 

0.8 

0.8 

0.7 

0.7 

0.6 

0.6 

8.9 

0.6 

0.6 

0.5 

0.5 

0.4 

0.3 

0.3 

0.3 

0.2 

0.2 

0.92 

0.86 

0.81 

0.8 

0.7 

0.7 

0.6 

0.6 

0.5 

0.5 

9.0 

0.5 

0.5 

0.4 

0.4 

0.4 

0.3 

0.3 

0.2 

0.2 

0.2 

0.79 

0.74 

0.69 

0.7 

0.6 

0.6 

0.5 

0.5 

0.5 

0.4 

*At  15  C  and  above,  the  criterion  for  fish  ELS  absent  is  the  same  as  the  criterion  for  fish  ELS  present 


B.2.3      Dissolved  Oxygen 

The  freshwater  aquatic  life  standards  for  dissolved  oxygen  are  presented  in  Table  B-4.  A  table  offish 
spawning  times  and  schedule  for  the  presence  of  early  life  stages  offish  are  likely  may  be  found  at 
http://www.deq.state.mt.us/wqinfo/Standards/SpawningTimesFWP.pdf. 


Table  B-4.     Aquatic  life  standards  for  dissolved  oxygen  (mg/L). 

Time  Period 

Use  Classes  A-1  and  B-1 

Use  Class  I 

Early  Life  Stages3 

Other  Life  Stages 

Early  Life  Stages 

Other 

Life  Stages 

30-day  average 

NA 

6.5 

NA 

5.5 

7-day  average 

9.5(6.5) 

NA 

6.0 

NA 

7-day  average  minimum 

NA 

5.0 

NA 

40 

1-day  minimum 

8  0(5.0) 

4.0 

5.0 

3.0 

These  are  water  column  concentrations  recommended  to  achieve  the  required  intergravel  DO  concentrations  shown 
in  parentheses.  For  species  that  have  early  life  stages  exposed  directly  to  the  water  column,  the  figures  in 
parentheses  apply. 

B.2.4     Sediment 

Sediment  (i.e.,  coarse  and  fine  bed  sediment)  and  suspended  sediment  are  addressed  via  the  narrative 
criteria  identified  in  Table  B-5.  The  relevant  narrative  criteria  do  not  allow  for  harmful  or  other 
undesirable  conditions  related  to  increases  above  naturally  occurring  levels  or  from  discharges  to  state 
surface  waters.  This  is  interpreted  to  mean  that  water  quality  goals  should  strive  toward  a  reference 
condition  that  reflects  a  water  body's  greatest  potential  for  water  quality  given  current  and  historic  land 
use  activities,  where  all  reasonable  land,  soil,  and  water  conservation  practices  have  been  applied  (see 
definitions  in  Table  B-5). 
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Table  B-5.     Applicable  rules  for  sediment  related  pollutants. 


Rule(s) 


Standard 


17.30.623(2) 


No  person  may  violate  the  following  specific  water  quality  standards  for  waters  classified  B-1 


17.30.623(2)(f) 


No  increases  are  allowed  above  naturally  occurring  concentrations  of  sediment  or  suspended 
sediment  (except  a  permitted  in  75-5-318,  MCA),  settleable  solids,  oils,  or  floating  solids,  which 
will  or  are  likely  to  create  a  nuisance  or  render  the  waters  harmful,  detrimental,  or  injurious  to 
public  health,  recreation,  safety,  welfare,  livestock,  wild  animals,  birds,  fish,  or  other  wildlife. 


17.30.637(1) 


State  surface  waters  must  be  free  from  substances  attributable  to  municipal,  industrial, 
agricultural  practices  or  other  discharges  that  will. 


17.30.637(1  )(a) 


Settle  to  form  objectionable  sludge  deposits  or  emulsions  beneath  the  surface  of  the  water  or 
upon  adjoining  shorelines. 


17  30.637(1)(d) 


Create  concentrations  or  combinations  of  materials  that  are  toxic  or  harmful  to  human,  animal, 
plant,  or  aquatic  life. 


The  maximum  allowable  increase  above  naturally  occurring  turbidity  is:  0  NTU  for  A-closed;  5 
NTUforA-1,  B-1,andC-1;  10  NTU  for  B-2,  C-2,  and  C-3) 


17.30.602(17) 


"Naturally  occurring"  means  conditions  or  material  present  from  runoff  or  percolation  over  which 
man  has  no  control  or  from  developed  land  where  all  reasonable  land,  soil,  and  water 
conservation  practices  have  been  applied. 


17  30.602(21) 


"Reasonable  land,  soil,  and  water  conservation  practices"  means  methods,  measures,  or 
practices  that  protect  present  and  reasonably  anticipated  beneficial  uses    These  practices 
include  but  are  not  limited  to  structural  and  nonstructural  controls  and  operation  and 
maintenance  procedures.  Appropriate  practices  may  be  applied  before,  during,  or  after 
pollution-producing  activities. 


B.2.5     Metals 

Numeric  criteria  for  metals  in  Montana  include  specific  standards  for  the  protection  of  both  aquatic  life 
and  human  health.  As  described  earlier,  both  acute  and  chronic  criteria  have  been  established  for  the 
protection  of  aquatic  life.  The  criteria  for  some  metals  vary  according  to  the  hardness  of  the  water.  The 
standards  for  cadmium,  copper,  chromium  (III),  lead,  nickel,  silver  and  zinc  vary  according  to  the 
hardness  of  the  water.  Theses  standards  have  an  inverse  relationship  to  toxicity  (decreasing  hardness 
causes  increased  toxicity).  The  applicable  numeric  criteria  for  the  metals  of  concern  in  the  Lake  Helena 
watershed  TPA  are  presented  in  Table  B-6. 

It  should  be  noted  that  recent  studies  have  indicated  some  metals  concentrations  vary  through  out  the  day 
because  of  diel  pH  and  alkalinity  changes.  In  some  cases  the  variation  can  cross  the  standard  threshold 
(both  ways)  for  a  metal.  Montana  water  quality  standards  are  not  time  of  day  dependent. 
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Table  B-6.     Montana  numeric  surface  water  quality  standards  for  metals. 

Parameter 

Aquatic  Life  (acute)  ( fi  1  ) ' 

Aquatic  Life  (chronic)  (uL)h 

Human  Health  (uL)a 

Arsenic  (TR) 

340 

150 

18d 

Cadmium  (TR) 

1.05  @  50  mg/L  hardness0 

0. 1 6  @  50  mg/L  hardness0 

5 

Copper  (TR) 

7.3  @  50  mg/L  hardness1 

5.2  @  50  mg/L  hardness0 

1.300 

Lead  (TR) 

82(«<  100  mg/L  hardness' 

3.2  @  100  mg/L  hardness0 

15 

Zinc(TR) 

67  (a<  50  mg/L  hardness0 

67  @  50  mg/L  hardness0 

2,000 

aMaximum  allowable  concentration. 

bNo  4-day  (96-hour)  or  longer  period  average  concentration  may  exceed  these  values. 

"Standard  is  dependent  on  the  hardness  of  the  water,  measured  as  the  concentration  of  CaCOi  (mg/L). 

Human  health  standard  for  arsenic  is  currently  18  ug/L,  but  will  change  to  10  ug/L  in  2006. 
Note:  TR  -  total  recoverable. 


B.2.6     pH 

Montana's  standards  set  restrictions  on  induced  variations  in  hydrogen  ion  concentration,  or  pH,  inorder 
to  protect  fish  and  aquatic  life  as  well  as  other  beneficial  uses. 

For  waters  classified  as  A-l  or  B-l,  the  maximum  allowable  change  in  pH  within  the  range  of  6.5  to  8.5 
must  be  less  than  0.5  pH  units.  Natural  pH  outside  this  range  must  be  maintained  without  change. 
Natural  pH  above  7.0  must  be  mainatiend  above  7.0  (ARM  17.30.622(c),  ARM  17.30.623(c)). 

For  waters  classified  as  I,  pH  must  be  maintained  within  the  range  of  6.5  to  9.5  (ARM  17.30.628(c)). 


B.2.7     Water  Temperature 

Montana's  temperature  standards  were  originally  developed  to  address  situations  associated  with  point 
source  discharges,  making  them  somewhat  awkward  to  apply  when  dealing  with  primarily  nonpoint 
source  issues.  In  practical  terms,  the  temperature  standards  address  a  maximum  allowable  increase  above 
"naturally  occurring"  temperatures  to  protect  the  existing  temperature  regime  for  fish  and  aquatic  life. 
Additionally,  Montana's  temperature  standards  address  the  maximum  allowable  rate  at  which  temperature 
increases  or  decreases  can  occur  in  order  to  avoid  fish  and  aquatic  life  temperature  shock. 

For  waters  classified  as  A-l  or  B-l,  the  maximum  allowable  increase  over  naturally  occurring 
temperature  (if  the  naturally  occurring  temperature  is  less  than  67°  Fahrenheit)  is  1°  (F)  and  the  rate  of 
change  cannot  exceed  2°F  per  hour.  If  the  natural  occurring  temperature  is  greater  than  67°  F,  the 
maximum  allowable  increase  is  0.5°  F  (ARM  17.30.622(e),  ARM  17.30.623(e)). 

For  waters  classified  I,  no  increase  in  naturally  occurring  temperature  is  allowed  which  will  or  is  likely  to 
create  a  nuisance  or  render  the  waters  harmful,  detrimental,  or  injurious  to  public  health,  recreation, 
safety,  welfare,  livestock,  wild  animals,  birds,  fish,  or  other  wildlife  (ARM  17.30.628(e)). 
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B.2.8     Salinity/TDS/Chlorides 

Montana  currently  does  not  have  numeric  standards  for  chlorides.  USEPA  recommends  chloride 
standards  for  streams  and  rivers  based  on  the  aquatic  toxicity  of  plant,  fish,  and  invertebrate  species 
(USEPA,  1999).  USEPA  recommends  an  acute  standard  of  860  mg/L  and  a  chronic  standard  of  230 
mg/L.  These  standards  are  proposed  here  as  target  values  for  Lake  Helena  watershed  streams  (Table  B-7). 


Table  B-7.     Proposed  chloride  target  values  for  the  Lake  Helena  watershed. 

Targets 

Threshold 

Chloride  Concentration  (max) 

<  860  mg/L 

Chloride  Concentration  (avg) 

<  230  mg/L 

B.2.9      Priority  Organics 

Silver  Creek  was  listed  as  impaired  because  of  priority  organics  on  the  Montana  303(d)  list.  Additional 
information  from  Montana  DEQ  identified  dichlorodiphenyl-dichloroethylene  (DDE)  as  the  priority 
organic  pollutant  of  concern. 

DDE  is  a  breakdown  product  of  DDT  (dichlorodiphenyltrichloroethane),  which  was  once  widely  used  as 
a  pesticide  throughout  the  United  States.  Although  banned,  DDT  and  DDE  still  exist  in  the  atmosphere 
and  soils.    Both  bond  strongly  to  soils  and  breakdown  over  a  period  of  2  to  15  years  (ATSDR,  2002). 
DDE  is  listed  by  USEPA  as  a  "probable  human  carcinogen",  and  has  been  shown  to  cause  reproductive 
and  liver  damage  in  avian  species  (USEPA,  1980).  The  Montana  water  quality  standard  for  DDE  is  a 
maximum  of  0.0059  ug/L  to  protect  human  health,  and  this  standard  is  also  protective  of  aquatic  life. 
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A  Preliminary  Assessment  of  Sources  Contributing  to 
Water  Quality  Impairments  in  303(d)-Listed  Segments  of  the  Lake  Helena 

TMDL  Planning  Area 

C.1.0  INTRODUCTION 

The  purpose  of  this  preliminary  source  assessment  is  to  provide  a  general  characterization  of  the  types, 
locations,  and  severity  of  pollution  sources  contributing  to  water  quality  impairment  in  303(d)-listed 
segments  of  the  Lake  Helena  TMDL  Planning  Area  (TPA).  The  array  of  pollutant  sources  affecting 
streams  in  the  Lake  Helena  TPA  are  a  result  of  historic  and  current  land  use  practices,  as  well  as  natural 
processes.  The  magnitude  of  problems  range  from  high  to  low  severity  and  are  found  upslope  from, 
adjacent  to,  and  within  the  stream  channels.  Special  note  should  be  made  to  the  fact  that  all  observations 
were  made  during  dry  weather  conditions.  Thus,  wet-weather  conditions  were  not  documented.  This 
information  is  intended  to  provide  the  basis  for  designing  a  more  rigorous  and  quantitative  pollution 
source  assessment  approach  for  the  Lake  Helena  TPA. 

C.2.0  METHODS 

The  2003  preliminary  source  assessment  for  the  Lake  Helena  TPA  combines  results  from  a  field  visual 
survey,  field  monitoring  for  chemical,  physical,  and  biological  water  quality  variables,  and  an  aerial  photo 
assessment.  While  pre-existing  information  was  also  considered  within  the  context  of  this  study,  no 
attempts  have  been  made  to  correlate  these  findings  with  the  information  and  conclusions  presented  in  the 
Montana  303(d)  List.  As  such,  this  effort  represents  a  more  or  less  independent  appraisal  of  water  quality 
impacts  and  their  sources  of  origin  in  each  of  the  Lake  Helena  TPA  303(d)  segments. 

C.2.1  Field  Source  Assessment 

The  field  source  assessment  was  conducted  as  a  joint  effort  between  the  Helena  National  Forest  (HNF), 
the  Montana  Office  of  the  U.S.  EPA,  and  its  contractors  Tetra  Tech,  Inc.  and  Land  &  Water  Consulting, 
Inc.  A  database  dictionary  was  developed  that  established  standardized  codes  for  collection  of  GPS 
source  data  in  the  field  (Part  2).  The  HNF  field  crew  preformed  surveys  on  the  HNF  portions  of  303(d)- 
listed  streams  downstream  to  the  forest  administrative  boundary.    The  Tetra  Tech/Land  &  Water  field 
crew  was  responsible  for  performing  surveys  on  all  other  303(d)-listcd  streams. 

Both  the  HNF  and  Tetra  Tech/Land  &  Water  field  crews  used  similar  techniques  to  document  source 
assessment  information.  Digital  photos  were  taken  of  all  significant  source  areas  and  these  were 
catalogued  by  an  associated  GPS  site  identifier  or  by  the  applicable  listed  segment.  Source  sites  were 
located  in  the  field  using  GPS  receivers  set  to  the  WGS  84  Datum.  All  photos  and  GPS  locations  were 
described  in  a  field  notebook.  GPS  source  area  sites  were  assigned  data  dictionary  codes  for  pollution 
cause,  pollution  source,  and  relative  severity  ratings  that  described  a  source's  potential  for  contributing 
pollution  loading  to  the  specific  303(d)-listed  receiving  water  body.  Oftentimes,  the  documented  GPS 
sites  would  include  more  than  one  cause  and  source  of  impairment. 

Due  to  private  property  constraints,  the  Tetra  Tech/Land  &  Water  field  crew  was  limited  to  inventorying 
the  listed  streams  from  available  access  points  and  road  networks.  Field  photographs  and  GPS  pollution 
source  information  were  collected  for  all  303(d)-listed  streams  except  Golconda  Creek  and  Jackson 
Creek,  where  access  was  not  readily  available.  Field  photos  were  taken  of  Lake  Helena,  but  a  focused 
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pollution  source  inventory  of  the  shoreline  area  was  not  performed.  Some  of  the  source  location 
information  provided  by  the  HNF  was  collected  as  part  of  a  focused  road  sediment  study  of  the  upper 
Prickly  Pear  Creek,  North  Fork  of  Warm  Springs  Creek,  upper  Lump  Gulch,  Tenmile  Creek,  and  Skelly 
Gulch  drainages. 

After  field  data  collection  was  completed,  the  HNF  and  Tetra  Tech/Land  &  Water  data  were  consolidated. 
All  digital  photos  were  compiled  and  a  photo  log  was  created  listing  photo  identifications  and 
descriptions,  GPS  site  identifiers  (if  associated  with  the  photos),  and  applicable  Montana  305(b)  water 
body  numbers  (Part  2).  The  GPS  site  locations  and  field  notes  were  used  to  create  a  standardized  GIS 
data  layer.  A  map  of  the  GPS  source  assessment  sites  is  located  in  Figure  1. 

C.2.2  Field  Monitoring 

From  late  June  through  early  September  2003,  suspected  impaired  streams  within  the  Lake  Helena  TPA 
were  visited  to  collect  chemical,  physical,  and  biological  data.  Monitoring  was  performed  on  each  of  31 
stream  or  lake  segments,  including  22  303(d)-listed  segments  and  nine  least-impaired  reference  stream 
segments.  Sampling  was  conducted  at  least  twice  on  most  of  the  303(d)  segments,  with  as  many  as  four 
visits  to  some  sites.  Visual  field  observations  and  sampling  results,  including  any  apparent  violations  of 
surface  water  quality  standards,  were  considered  when  developing  this  source  assessment  report. 

C.2.3  Aerial  Photo  Inventory 

An  air  photo  analysis  was  completed  for  the  303(d)-listed  streams  in  the  Lake  Helena  TPA.  Current 
stereo-pair,  aerial  photos  were  acquired  from  the  Helena  National  Forest  and  the  Montana  Department  of 
Transportation.  In  a  few  instances,  USGS  digital  orthophoto  quadrangle  maps  were  used  to  make 
observations  where  coverage  at  an  adequate  scale  and  time  frame  was  unavailable.  Aerial  photos  varied 
from  true  color  to  black  and  white  with  dates  ranging  from  1995  to  1999,  and  scales  were  either  1:15,840 
or  1 :  24,000  (Part  3).  For  lower  Clancy  Creek,  photo  interpretation  was  performed  using  1980  black  and 
white,  1:6,000  stereo-pair  aerial  photographs  acquired  from  the  Montana  Department  of  Transportation. 

Equipment  used  for  the  air  photo  inventory  included  a  stereoscope,  light  table,  scale,  and  digitizing 
planimeter.  Digital  l:24,000-scale  USGS  topographic  maps  and  one-meter  resolution  orthophoto 
quadrangle  maps  were  assembled  in  a  GIS  to  aid  with  the  map  measurements  and  data  interpretation.  The 
303(d)-listed  streams  were  broken  into  reaches  on  the  basis  of  land  ownership,  topography,  and  land  use. 
For  each  stream  reach,  observations  were  recorded  for  the  following  variables:  stream  length,  land 
ownership,  land  use,  channel  slope  (map),  stream  sinuosity,  riparian  buffer  widths,  canopy  density, 
channel  stability,  road  encroachment,  stream  channelization,  road  crossings,  irrigation  diversions  and 
return  flows,  sediment  sources,  and  general  comments  (Part  3). 

Stream  length,  sinuosity,  riparian  buffers,  road  encroachment,  and  channelization  were  measured  from  the 
aerial  photos  using  a  Tamaya  Super  Planix  P  digitizing  planimeter.  Stream  length  was  measured  along 
the  thalweg,  while  stream  sinuosity  was  derived  from  the  thalweg  length  divided  by  the  valley  length. 
Riparian  buffer  width,  defined  as  the  average  horizontal  width  of  riparian  vegetation,  was  measured  in  at 
least  five  locations  per  stream  reach  to  generate  a  representative  range  of  buffer  widths.  Road 
encroachment  measured  the  length  of  stream  where  a  road  was  located  within  100  feet  of  the  stream,  but 
was  not  necessarily  altering  its  natural  course.  Channelization  measured  the  length  of  stream  course  that 
had  been  straightened  due  to  anthropogenic  activities,  including  roads. 

Land  ownership  was  calculated  with  GIS  along  each  stream  course  using  the  1 :  100,000  BLM  ownership 
layer  for  Montana.  Bed  slope  was  also  calculated  in  a  GIS  from  the  USGS  1:24,000  digital  topographic 
maps.  Canopy  density  was  estimated  using  a  forest  survey  canopy  density  scale.  Other  characteristics, 
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such  as  land  use,  lateral  and  vertical  channel  stability  (including  areas  of  channel  aggradation  and 
incisement),  road  crossings,  irrigation  diversions  and  return  flows,  and  sediment  sources  were  inferred 
from  the  photos,  and  are  representative  of  features  that  were  visible  at  the  scale  of  the  photo. 
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Source  Assessment:  Inventoried  Stream  Impacts  in  the  Lake  Helena  TMDL  PLanning  Area 


Figure  C-l.  Results  of  the  GPS  field  survey. 
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C.3.0  RESULTS 

The  following  sections  are  narrative  source  assessment  summaries  for  the  303(d)-listed  segments  in  the 
Lake  Helena  TPA.  The  summaries  combine  observations  from  the  field  source  assessment,  the  2003 
water  quality  monitoring,  the  aerial  photo  inventory,  and  information  from  relevant  GIS  data  layers  (e.g. 
geology,  soils,  locations  of  abandoned  mines,  etc.).  The  summaries  have  been  organized  by  sub- 
watershed,  beginning  with  Prickly  Pear  Creek  and  its  tributaries,  and  followed  by  the  Tenmile  and  Silver 
Creek  drainages.  Lake  Helena  appears  last  in  the  narrative.  A  condensed  summary  of  the  findings  is 
contained  in  Part  4  to  this  report. 

C.3.1  Prickly  Pear  Creek  Drainage 

C.3.1.1  Prickly  Pear  Creek  (headwaters  to  Spring  Creek)  MT41I006060 

Stream  segment  MT41I006060  is  approximately  8.5  miles  in  length  and  is  impacted  by  sediment, 
metals,  and  habitat  and  channel  alterations,  and  flow  alteration.  Road  maintenance  and  runoff, 
agricultural  non-point  sources  (grazing),  and  diffuse  sources  associated  with  rural  home  sites  contribute 
sediment  to  the  stream.  Natural  sediment  sources  associated  with  the  highly  erosive  granitic  geology  of 
the  watershed  are  also  apparent.  Golconda  Creek  and  possibly  historic  instream  mining  sources 
contribute  metals.  Historic  placer  mining  and  associated  stream  channelization  have  altered  stream 
morphology  and  hydrology.  Additional  channelization  is  associated  with  forest  and  county  roads  and  the 
1-15  corridor.  Dewatering  of  the  stream  occurs  in  the  lower  end  of  the  segment.  This  segment  will  be 
reviewed  on  the  basis  of  ownership. 

The  headwaters  of  this  stream  flow  through  lands  administered  by  the  Helena  National  Forest  (HNF). 
From  its  source  to  the  HNF  boundary,  a  distance  of  about  four  miles,  the  stream  goes  from  a  Rosgen 
stream  type  A  to  B,  with  a  few  less  confined  sections  (C).  The  HNF  management  strategy  for  this 
watershed  falls  on  the  dividing  line  between  the  roaded  and  unroaded  portions  of  the  Elkhorn 
Management  Unit.  The  land  is  managed  for  mountain  goat  and  elk  habitat,  as  well  as  other  wildlife 
habitat.  For  the  roaded  unit,  the  land  is  also  managed  for  livestock  grazing  and  habitat  enhancing  timber 
harvests.  Within  the  HNF  administrative  boundary,  there  are  old  patented  mining  claims  surrounding  the 
creek  which  are  used  for  dispersed,  private  home  sites.  During  the  air  photo  assessment,  extensive 
riparian  buffers  and  moderate  road  encroachment  were  observed.  The  HNF  field  survey  team  gave  the 
stream  a  rating  of  "proper  functioning  condition",  but  noted  some  excess  sediment  deposition.  GPS 
source  assessment  sites  on  the  HNF  mainly  consisted  of  road  sediment  delivery  points  from  the  Tizer 
Lakes  Road,  which  is  an  unimproved  four  wheel-drive  road.  An  incidence  of  channel  incision  was 
observed  at  the  site  of  an  old  mining  claim. 

Prickly  Pear  Creek  flows  through  mostly  private  property  in  the  4.5  mile  segment  from  the  HNF 
boundary  to  the  Spring  Creek  confluence.  The  Rosgen  stream  type  changes  between  B  and  C,  with 
channel  alterations  in  the  lower  portion  of  the  segment.  During  the  air  photo  assessment,  variable  width 
riparian  buffers,  moderate  road  encroachment  from  the  Tizer  Lake  Road,  and  channelization  associated 
with  the  1-15  corridor  were  observed.  The  primary  land  use  is  rural  housing.  GPS  source  assessment 
features  on  this  stretch  of  the  stream  included  problem  culverts,  road  sediment  delivery  points,  and  an 
overgrazed  pasture  with  bank  trampling,  removal  of  riparian  vegetation  and  noxious  weed  infestations. 
Major  stream  impairments  begin  at  the  site  of  the  old  placer  gold  dredge  operation,  just  above  1-15,  which 
also  corresponds  with  the  grazing  site.  The  stream  has  become  incised,  overly  widened,  and  straightened 
as  a  result  of  the  historic  placer  mining.  Stream  dewatering  occurs  just  below  the  confluence  with 
Beavertown  Creek,  where  the  Montana  Tunnels  Mine  makes  an  inter-basin  transfer  to  holding  ponds  on 
Spring  Creek.  During  July  of  2003,  Prickly  Pear  at  Spring  Creek  was  almost  dry  (<  1  cfs).  The  Tetra 
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Tech/Land  &  Water  field  crew  noted  stranded  juvenile  trout  in  stagnant  pools  near  the  Spring  Creek 
confluence. 

C.3.1.2  Prickly  Pear  Creek  (from  Spring  Creek  to  Lump  Gulch)  MT41IQ06  050 

Stream  segment  MT4 1 1006050  is  approximately  seven  miles  in  length  and  is  impacted  by  sediment, 
habitat  and  channel  alterations,  metals,  and  flow  alteration.  Road  maintenance  and  runoff,  tributary 
streams,  in-channel  sources,  and  diffuse  non-point  sources  associated  with  rural  housing  and  grazing 
contribute  sediment  to  the  stream.  Channelization  from  roads  (mainly  1-15)  and  historic  placer  mining 
activities  have  altered  stream  morphology  and  altered  the  hydrology.  Tributary  streams,  such  as 
Golconda  Creek,  Spring  Creek,  Clancy  Creek  and  Warm  Springs  Creek,  contribute  metals  contaminants. 
Hydromodification  and  dewatering  problems  are  associated  with  industrial  diversions  from  Prickly  Pear 
Creek  and  Spring  Creek  for  the  Montana  Tunnels  Mine,  and  possibly  agricultural  diversions  from  the 
main  stem  and  the  various  tributaries. 

Private  property  lines  the  majority  of  Prickly  Pear  Creek  from  the  confluence  with  Spring  Creek  to  Lump 
Gulch.  In  many  stretches,  the  stream  does  not  conform  to  any  particular  Rosgen  stream  type,  but  has 
some  characteristics  of  C  and  F  channels.  During  the  air  photo  assessment,  91  percent  of  the  length  of 
this  segment  was  affected  by  channelization,  with  the  width  of  the  riparian  buffer  area  corresponding  to 
distance  from  roads.  The  primary  land  use  adjacent  to  the  stream  is  as  a  transportation  corridor.  Private 
developments  are  more  frequent  in  this  segment  than  in  the  headwaters  segment,  with  the  appearance  of 
small  subdivisions  and  more  structures  in  the  floodplain.  In  many  areas,  gravel  placer  tailings  piles  line 
the  banks  and  historic  floodplain  of  the  stream  (and  this  material  is  also  associated  with  the  1-15  road 
berm).  In  some  places,  high  transmissivity  of  the  placer  tailings  deposits  has  created  wetland 
environments  due  to  shallow  subsurface  flow  and  placement  in  areas  of  former  stream  channels.  During 
field  sampling,  spring  seeps  were  noted  entering  Prickly  Pear  Creek  from  the  tailings  piles. 

A  field  survey  conducted  by  the  Tetra  Tech/Land  &  Water  team  in  summer  2003  in  the  reach  of  Prickly 
Pear  Creek  below  Alhambra  yielded  a  rating  of  "non-functional",  but  the  field  team  noted  that  the  riparian 
area  had  moist  soils  and  vigorous  willow  growth.  GPS  source  assessment  features  noted  along  Prickly 
Pear  Creek  from  Spring  Creek  to  Lump  Gulch  included  extensive  channelization  associated  with  roads, 
sediment  delivery  points,  channel  incision,  removal  of  riparian  vegetation,  poorly  managed  grazing  lands, 
placer  tailings,  noxious  weed  infestations,  and  suspected  wastewater  seepage  from  an  outhouse  in  the 
floodplain. 
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C.3.1.3  Prickly  Pear  Creek  (from  Lump  Gulch  to  Wvlie  Drive)  MT4 11006  040 

Stream  segment  MT4 1 1006040  is  approximately  1 1  miles  in  length  and  is  impacted  by  sediment,  habitat 
and  channel  alterations,  metals,  and  flow  alteration.  Road  maintenance  and  runoff,  tributary  streams,  and 
in-channel  and  upstream  sources  contribute  sediment  to  the  stream.  Channelization  from  roads  (1-15,  the 
railroad,  subdivision  roads,  and  East  Helena)  and  mining  activities  (historic  placer  and  recent  ASARCO 
activities)  have  altered  stream  morphology  and  possibly  hydrology.  Upstream  sources.  Lump  Gulch,  and 
mining  activities  contribute  metals  contaminants.  Diffuse  sediment  sources  associated  with  subdivisions, 
rural  housing,  and  agricultural  non-point  sources  also  affect  the  stream.  A  diversion  dam  at  the  ASARCO 
smelter  has  altered  stream  flows  and  makes  fish  passage  difficult.  Agricultural  water  diversions  also 
modify  stream  flows. 

This  segment  encounters  many  of  the  same  problems  as  the  upstream  segment,  with  a  notable  increase  in 
development  pressures.  Private  property  lines  the  majority  of  the  stream  from  the  confluence  with  Lump 
Gulch  to  Wylie  Drive.  In  many  stretches,  the  stream  does  not  conform  to  a  particular  Rosgen  stream 
type,  but  has  some  characteristics  of  C  and  F  channels.  During  the  air  photo  assessment,  63  percent  of  the 
stream  segment  was  observed  to  be  affected  by  channelization,  with  the  width  of  riparian  buffers  again 
corresponding  to  distance  from  roads.  The  primary  land  use  adjacent  to  the  stream  is  as  a  transportation 
corridor,  with  many  upslope  subdivisions  in  the  beginning  of  this  segment  and  the  town  of  East  Helena 
near  the  end  of  the  segment.  Gravel  bars  were  visible  in  the  stretch  below  Montana  City,  and  extensive 
channel  alterations  were  visible  from  the  confluence  with  Holmes  Gulch  and  extending  downstream 
through  the  town  of  East  Helena.  Before  crossing  Wylie  Drive,  Prickly  Pear  Creek  splits  into  two 
channels.  The  cause  of  the  splitting  is  thought  to  be  unnatural,  and  during  low  flow  the  stream  only  flows 
in  the  left  channel.  The  right  channel  may  serve  as  a  high  water  bypass  for  flood  control  purposes. 

A  field  survey  was  conducted  by  the  Tetra  Tech/Land  &  Water  team  on  the  segment  of  Prickly  Pear 
Creek  below  McClellan  Creek  in  summer  2003.  The  field  team  assigned  a  rating  of  "functional-at  risk", 
citing  upstream  conditions  and  excessive  sediment  deposition  as  sources  of  impairment.  GPS  source 
assessment  features  recorded  in  the  segment  of  Prickly  Pear  Creek  from  Lump  Gulch  to  Wylie  Drive 
included  road  channelization,  variously  caused  sediment  delivery  points,  stream  bank  alterations  (riprap, 
diking),  removal  of  riparian  vegetation,  sediment  depositional  reaches,  suspected  wastewater  seepage 
from  individual  septic  systems,  an  irrigation  diversion,  and  noxious  weeds.  Healthy  intermittent  riparian 
conditions  and  some  good  fish  habitat  components  were  noted  in  reaches  above  the  Sleepy  Hollow 
Estates  subdivision  and  below  the  confluence  with  McClellan  Creek.  The  ASARCO  smelter  has  a  dam 
just  above  East  Helena,  which  has  probably  contributed  to  an  overall  decrease  in  stream  gradient  and  an 
increase  in  channel  embeddedness.  In  summer  2003,  the  stream  was  documented  as  having  a  flow  of  less 
than  0.5  cfs  below  an  irrigation  diversion  located  between  East  Helena  and  Wylie  Drive. 

C.3.1.4  Prickly  Pear  Creek  (Wylie  Drive  to  Helena  WWTP  Discharge)  MT41I006030 

Stream  segment  MT41I006030  is  approximately  five  miles  in  length  and  is  impacted  by  sediment, 
habitat  and  channel  alterations,  metals,  nutrients,  and  flow  alteration.  Road  maintenance  and  runoff, 
upstream  sources,  and  raw  stream  banks  and  other  in-channel  sources  contribute  sediment  to  the  stream. 
Channelization  associated  with  irrigation  diversions,  mining  activities  (gravel  pits),  and  agricultural 
operations  has  altered  stream  morphology.  Upstream  sources  contribute  metals  contaminants. 
Agricultural  non-point  sources  probably  contribute  nutrients.  Diffuse  sources  of  sediment  and  nutrients 
from  grazing,  subdivisions,  and  rural  housing  may  also  affect  the  stream.  Agricultural  water  diversions 
severely  deplete  stream  flows  in  summer. 

Private  property  borders  the  entire  length  of  this  stream  segment.  In  channelized  stretches,  the  stream 
does  not  conform  to  a  particular  Rosgen  stream  type.  After  passing  the  Canyon  Ferry  Road  crossing,  the 
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stream  gains  flow  from  groundwater  sources  and  exhibits  characteristics  of  Rosgen  C  and  F  channels. 
During  the  air  photo  assessment,  it  was  noted  that  30  percent  of  the  segment  was  affected  to  some  degree 
by  channelization.  Riparian  belt  widths  are  variable  depending  on  land  management  practices.  The 
primary  land  uses  adjacent  to  the  stream  are  agricultural,  including  hay  fields  and  pasture.  Gravel  bars 
were  visible  in  the  stretch  where  the  stream  flows  by  a  large  gravel  mining  operation.  Extensive  channel 
alterations  were  noted  from  the  just  before  the  Helena  Valley  Irrigation  Canal  to  the  Canyon  Ferry  Road 
crossing. 

The  Tetra  Tech/Land  &  Water  field  team  investigated  two  portions  of  this  segment:  below  Wylie  Drive 
and  below  Canyon  Ferry  Drive.  At  both  sites,  the  field  team  gave  the  stream  a  rating  of  "non-functionar. 
Perhaps  the  most  detrimental  impact  is  stream  dewatering.  In  2003,  irrigation  withdrawals  left  a  dry 
streambed  at  Canyon  Ferry  Road  from  early  July  thru  September.  Below  Canyon  Ferry  Road,  the  stream 
regained  water  from  groundwater  discharge  and  this  comprised  the  majority  of  flow  in  the  stream. 
During  July  2003,  in  reaches  of  Prickly  Pear  Creek  near  Canyon  Ferry  Road  and  near  and  below  York 
Road,  numerous  young  trout  and  non-game  fish  were  observed  stranded  in  isolated  pools.  Also  noted  in 
Prickly  Pear  Creek  from  Wylie  Drive  to  the  Helena  wastewater  treatment  plant  outfall  were  poor  riparian 
conditions,  grazing  impacts,  and  a  metallic  sheen  on  the  water  surface.  GPS  source  assessment  features 
included  a  dry  streambed,  removal  of  riparian  vegetation,  poorly  managed  grazing  lands,  and  road 
sediment  delivery  points. 

C.3.1.5  Prickly  Pear  Creek  (Helena  WWTP  discharge  to  Lake  Helena)  MT41I006  020 

Stream  segment  MT41I006020  is  approximately  six  miles  in  length  and  is  impacted  by  sediment,  habitat 
and  channel  alterations,  metals,  nutrients,  and  flow  alteration.  Road  maintenance  and  runoff,  numerous 
upstream  sources,  unvegetated  stream  banks,  and  various  agricultural  non-point  sources  contribute 
sediment  to  the  stream.  Channelization  associated  with  roads  and  agricultural  operations  have  altered 
stream  morphology.  Upstream  sources  contribute  metals  contaminants.  Irrigation  return  flows,  grazing 
practices,  a  mixture  of  other  agricultural  non-point  sources,  upstream  sources,  and  the  Helena  Waste 
Water  Treatment  Plant  (WWTP)  contribute  nutrients  to  this  segment  of  Prickly  Pear  Creek.  Diffuse 
sediment  and  nutrient  sources  from  rural  housing  may  also  affect  the  stream.  Dewatering  of  the  channel 
upstream  influences  flow  dynamics  and  bank  stabilization  in  this  segment. 

Private  property  encompasses  the  entire  length  of  this  stream  segment,  with  primarily  agricultural  land 
uses  (irrigated  hay  fields  and  pasture)  and  some  rural  housing  adjacent  to  the  stream.  The  stream  exhibits 
characteristics  of  Rosgen  C  and  F  channels.  The  Helena  WWTP  outfall  and  groundwater  discharges 
contribute  to  stream  flow  in  this  segment  of  lower  Prickly  Pear  Creek.  Riparian  belt  widths  were  variable 
depending  on  land  uses  and  land  management  practices.  Below  the  confluence  with  Tenmile  Creek, 
failing  stream  banks  were  evident  in  areas  with  little  to  no  riparian  vegetation.   Riparian  condition  and 
stream  bank  stability  were  also  poor  in  the  reach  just  below  the  Helena  WWTP  discharge.  Prickly  Pear 
Creek  discharges  into  Lake  Helena  in  a  natural  deltaic  form  with  extensive  sediment  deposition  visible. 

A  field  survey  was  conducted  by  the  Tetra  Tech/Land  &  Water  team  on  a  reach  of  the  stream  immediately 
above  the  Sierra  Road  crossing.  The  field  team  gave  the  stream  a  rating  of  "non-functional".  A  lack  of 
diverse  and  woody  riparian  vegetation  was  noted.  The  stream  was  heavily  riprapped  and  access  to  a 
natural  floodplain  has  been  nearly  eliminated.  GPS  source  assessment  features  included  irrigation  return 
flows,  the  discharge  from  the  Helena  WWTP,  removal  of  riparian  vegetation,  poorly  managed  grazing 
lands,  various  agricultural  non-point  sources,  stream  channelization,  stream  bank  alterations,  and 
sediment  delivery  points. 

C.3.1.6  Golconda  Creek  (headwaters  to  the  mouth)  MT41I006  070 
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Stream  segment  MT41I006_070  is  approximately  3.5  miles  in  length  and  is  impacted  by  sediment  and 
metals.  Road  maintenance  and  runoff,  impaired  tributary  streams,  and  historical  lode  mining  and  milling 
activities  contribute  sediment.  The  granitic  geology  of  the  watershed  exacerbates  sediment  delivery 
owing  to  rapid  erosion  rates  and  represents  a  natural  source  of  impairment.  Historic  hard  rock  mining 
operations  in  the  watershed  contribute  metals. 

Most  of  Golconda  Creek  flows  through  Bureau  of  Land  Management  (BLM)  managed  lands  with  about  a 
half-mile  of  private  property  near  the  stream's  mouth.  On  BLM  lands,  the  area  is  managed  for  a  deferred 
rotation  grazing  system.  There  is  dispersed  housing  on  the  lower  privately  owned  segment.  The  stream 
goes  from  a  Rosgen  stream  type  Aa  to  B,  with  a  few  less  confined  sections  (C).  During  the  air  photo 
assessment,  a  healthy  riparian  buffer  area  was  noted  but  with  moderate  road  encroachment  in  some  areas. 
Old  mining  and  timber  harvest  operations  (clear  cuts)  were  observed  in  tributary  drainages  to  the  west  of 
the  main  stem  of  Golconda  Creek.  High  road  densities  were  also  noted  here,  and  significant  mining 
disturbances  were  present  on  private  lands  near  the  main  stem. 

The  Tetra  Tech/Land  &  Water  field  team  performed  a  survey  on  a  portion  of  this  segment  about  one-third 
of  a  mile  below  the  BLM  boundary.  The  field  team  assigned  a  rating  of  "proper  functioning  condition". 
Sedimentation  was  noted  in  the  stream,  and  private  development  has  occurred  within  the  floodplain  near 
the  stream's  mouth.  Due  to  access  constraints,  no  source  assessment  features  were  documented  with  the 
GPS.  The  State  of  Montana's  inventory  of  mine  sites  shows  three  mines  in  the  drainage:  Buckeye, 
Golconda,  and  Big  Chief,  the  latter  of  which  is  in  closest  proximity  to  the  stream  and  once  produced  lead, 
zinc,  gold,  and  silver. 

C.3.1.7  Corbin  Creek  (headwaters  to  the  mouth)  MT41I006090 

Stream  segment  MT41I006090  is  approximately  2.5  miles  in  length  and  is  severely  impacted  by 
sediment,  habitat  and  channel  alterations,  metals,  and  possibly  flow  alteration.  Road  maintenance  and 
runoff  and  unvegetated  stream  banks  and  floodplain  areas  contribute  sediment  to  the  stream.  The  granitic 
geology  of  the  watershed  exacerbates  sediment  delivery  owing  to  rapid  erosion  rates.  Historic  placer 
mining,  mine  reclamation  activities,  and  livestock  grazing  have  altered  stream  morphology,  and  possibly 
hydrology  and  stream  flows.  Historic  hard  rock  mining  operations  in  the  watershed  contribute  metals. 

Most  of  this  stream  segment  flows  through  private  land.  The  primary  land  use  is  pasture,  with  a  handful 
of  homes  located  at  the  old  Corbin  town  site  near  Corbin  Creek's  confluence  with  Spring  Creek.  Corbin 
Creek  transforms  from  a  Rosgen  stream  type  Aa  to  sections  of  altered  B  and  C.  Historic  placer  mining 
and  recent  reclamation  work  have  incised,  widened,  and  straightened  the  channel.  The  full  benefits  of  the 
reclamation  have  yet  to  take  effect  because  vegetation  has  not  yet  become  well  established.  During  the 
air  photo  assessment,  moderate  road  encroachment  was  observed.  A  significant  riparian  zone  was  only 
noted  in  the  headwaters.  Major  road  sediment  sources  were  noted  in  the  headwaters  area,  together  with 
significant  riparian  grazing  impacts.  A  short  distance  below  the  headwaters  and  below  the  first  road 
crossing,  the  stream  exhibits  exposed  banks,  excessive  sedimentation,  and  little  to  no  riparian  vegetation. 
The  stream  is  channelized  through  the  town  of  Corbin. 

The  Tetra  Tech/Land  &  Water  field  team  conducted  a  survey  on  a  portion  of  this  segment  above  the  town 
of  Corbin  during  summer  2003.  The  field  team  gave  the  stream  a  rating  of  "non-functional".  Numerous 
road  sediment  delivery  points  were  documented  with  the  GPS,  along  with  channel  incisement,  bank 
erosion,  livestock  trampled  banks,  and  weed  infestations.  Another  issue  is  that  this  stream  at  least 
periodically  goes  dry  before  reaching  the  mouth.  This  is  may  be  related  to  surface  flow  losses  to 
groundwater  accelerated  by  the  granitic  geology.  Another  factor  may  be  the  extensive  water  collection 
and  routing  system  installed  as  a  part  of  recent  mine  reclamation  activities.  In  early  July  2003,  a 
monitoring  site  located  near  the  mouth  was  dry  and  sampling  had  to  be  conducted  about  one-half  mile 
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upstream.  By  late  July,  this  upper  site  had  also  gone  dry  and  only  a  trickle  of  flow  remained  at  upstream 
locations. 

C.3.1.8  Spring  Creek  (Corbin  Creek  to  the  mouth)  MT4II006  080 

Stream  segment  MT41I006080  is  approximately  two  miles  in  length  and  is  severely  impacted  by 
sediment,  habitat  and  channel  alterations,  metals,  and  flow  alteration.  Road  maintenance  and  runoff, 
unvegetated  stream  banks,  streamside  mill  tailings  deposits  near  Jefferson  City,  and  riparian  grazing  may 
all  contribute  sediment  to  the  stream.  Historic  lode  mining,  road  construction,  mine  reclamation  work, 
inter-basin  water  transfers  from  Prickly  Pear  Creek,  water  withdrawals  for  the  Montana  Tunnels  Mine, 
and  livestock  grazing  have  altered  stream  morphology  and  aquatic  habitat.  Flow  from  Corbin  Creek  and 
historic  mill  tailings  deposits  in  the  watershed  contribute  metals.  Diffuse  sediment  and  nutrient  sources 
associated  with  rural  home  sites  may  also  affect  the  stream.  More  localized  impacts  are  present  along 
Spring  Creek  in  the  town  of  Jefferson  City. 

Private  properly  lines  the  entire  length  of  the  stream  segment.  The  primary  land  uses  are  pasture  and  rural 
housing.  The  stream  does  not  conform  to  any  particular  Rosgen  stream  type,  but  has  some  characteristics 
of  F  and  G  channels.  Historic  mining  and  milling  activities  and  reclamation  work  in  the  Corbin  Flats  area 
have  straightened  the  channel.  The  Montana  Tunnels  Mine's  reclamation  work  reshaped  the  channel  into 
a  ditch  with  virtually  no  meanders.  Just  above  where  the  303(d)-listed  segment  begins  on  Spring  Creek, 
the  Montana  Tunnels  Mine  has  a  holding  pond  and  water  transfer  station  for  pumping  water  up  to  their 
operation.  This  has  affected  Spring  Creek  in  two  ways:  1 )  water  from  Prickly  Pear  Creek  is  periodically 
added  to  Spring  Creek  at  this  location,  and  2)  water  is  withdrawn  from  Spring  Creek  leading  to 
downstream  dewatering  problems.  Spring  Creek  has  been  channelized  and  is  severely  incised  at  its 
mouth  on  Prickly  Pear  Creek.  Contributing  factors  are  1-15  construction  and  historical  placer  mining  on 
this  section  of  Prickly  Pear  Creek  and  possibly  Spring  Creek. 

During  the  air  photo  assessment,  minor  road  encroachment  was  noted  along  Spring  Creek.  Virtually  100 
percent  of  the  stream  has  been  channelized  due  to  historical  mine  related  activities  and,  more  recently, 
mine  reclamation  work.  Spring  Creek  is  also  channelized  and  bermed  through  the  town  of  Jefferson  City. 
The  dike  material  appears  to  be  composed  of  old  mine  or  mill  tailings.  Riparian  buffers  are  virtually 
absent. 

The  Tetra  Tech/Land  &  Water  field  team  performed  a  field  investigation  on  a  portion  of  Spring  Creek 
above  Jefferson  City  in  summer  2003.  The  field  team  rated  the  stream  as  "non-functional".   A  field  based 
GPS  source  assessment  survey  documented  channelization,  road  sediment  delivery  points,  riparian 
grazing  impacts,  and  channel  incision.  During  summer  field  sampling,  head  cutting  was  observed  near 
the  stream's  mouth.  The  creek  channel  went  dry  near  the  mouth  for  a  few  weeks  in  early  August  of  2003 

C.3.1.9  Middle  Fork  Warm  Springs  Creek  (headwaters  to  the  mouth)  MT41I006   100 

Stream  segment  MT41I006100  is  approximately  2.5  miles  in  length  and  is  impacted  by  sediment, 
metals,  and  habitat  and  channel  alterations.  Road  maintenance  and  runoff,  unvegetated  stream  banks, 
mine  tailings,  and  disturbed  tributary  streams  contribute  sediment.  The  granitic  geology  of  the  watershed 
exacerbates  sediment  delivery  owing  to  rapid  erosion  rates.  Historic  hard  rock  mining  operations  in  the 
watershed  contribute  metals.  Historic  mining  activities  have  also  altered  stream  morphology. 

Most  of  the  stream  flows  through  a  section  of  the  HNF  Elkhorn  Management  Unit.  This  area  of  the 
Elkhorns  is  managed  for  big  game  habitat  and  optimal  water  quality.  There  is  also  some  private  land  in 
the  upper  portion  of  the  watershed  that  has  been  heavily  logged.  The  stream  goes  from  a  Rosgen  stream 
type  Aa  to  an  altered  B  in  this  segment  with  a  few  less  confined  sections  (C).  Historic  placer  mining  and 
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failure  of  a  historic  mining  dam  have  caused  channel  incisement.  During  the  air  photo  assessment,  road 
encroachment  was  observed  along  56  percent  of  the  segment.  Riparian  belt  widths  were  fairly  wide, 
except  where  limited  by  road  encroachment.  A  large  tailings  mine  dump  was  observed  in  the  middle  of 
the  stream  that  prevented  vegetation  growth  and  disrupted  the  natural  channel.  Water  in  upper  Middle 
Fork  Warm  Springs  Creek  had  a  metallic  sheen  suggesting  the  presence  of  metals  ions.  The  state's 
inventory  of  mines  shows  twelve  mines  in  this  sub-watershed.  In  addition  to  the  twelve  mine  sites,  there 
are  two  high  priority  abandoned  mine  sites  slated  for  cleanup.  Both  of  these  high  priority  sites  encompass 
part  of  the  upper  stream  course.  Heavy  logging  was  visible  on  the  private  lands  above  the  north  side  of 
the  stream. 

The  HNF  field  survey  team  gave  the  stream  a  rating  of  "functional-at  risk",  noting  that  the  steam  is 
recovering  from  the  effects  of  mining.  Excessive  sediment  deposition  was  noted  in  the  stream  from 
eroding  banks  and  road  runoff.  The  HNF  GPS  pollution  source  inventory  documented  road  sediment 
delivery  points,  channel  incision,  and  mine  tailings  and  waste  rock  piles.  The  Middle  Fork  experiences 
greater  flow  volumes  than  the  North  Fork. 

C.3.1.10  North  Fork  Warm  Springs  Creek  (headwaters  to  the  mouth)  MT41I006   180 

Stream  segment  MT41I006_180  is  approximately  two  miles  in  length  and  is  impacted  by  sediment, 
metals,  and  habitat  alterations.  Road  maintenance  and  runoff  contribute  sediment  to  the  stream.  The 
granitic  geology  of  the  watershed  exacerbates  sediment  delivery  owing  to  rapid  erosion  rates.  Historic 
hard  rock  mining  operations  in  the  watershed  contribute  metals. 

The  majority  of  the  stream  flows  through  a  section  of  the  HNF  Elkhorn  Management  Unit.  This  area  of 
the  Elkhorns  is  managed  for  big  game  habitat  and  optimal  water  quality.  The  stream  also  flows  through  a 
section  of  private  land  that  has  some  dispersed  housing  along  the  creek.  The  stream  transforms  from  a 
Rosgen  stream  type  Aa  to  Ba  through  this  reach  with  a  less  confined  section  (C)  in  the  private  section  of 
the  stream.  During  the  air  photo  assessment  extensive  riparian  buffers  were  noted  on  the  HNF,  but  belt 
widths  narrowed  and  became  sparse  along  the  section  of  private  land.    Moderate  road  encroachment  was 
observed.  The  state's  inventory  of  mines  shows  two  mines  close  to  the  headwaters  and  one  mine  close  to 
the  mouth  (all  hard  rock  mines). 

The  HNF  field  survey  team  gave  the  stream  a  rating  of  "functional-at  risk",  citing  excess  sediment  as  the 
cause.  The  HNF  GPS  field  source  inventory  was  done  as  part  of  a  road  sediment  survey  and  consists  of 
road  sediment  delivery  points.  This  is  a  second  order  stream  based  on  the  1 :24,000  USGS  topographic 
map,  but  it  receives  very  little  flow  contribution  from  a  small  side  drainage  and  another  tributary.  In  early 
July  2003,  the  monitoring  station  located  near  the  mouth  was  dry.  This  is  probably  related  to  losses  to 
groundwater  associated  with  the  granitic  geology.  No  surface  diversions  of  flow  for  irrigation  or  other 
purposes  were  noted  during  the  field  surveys. 

C.3.1.1 1  Warm  Springs  Creek  (from  the  Middle  Fork  to  the  mouth)  MT4 11006   1 10 

Stream  segment  MT41I0061 10  is  approximately  three  miles  in  length  and  is  impacted  by  sediment  and 
metals.  Road  maintenance  and  runoff,  and  tributary  streams  contribute  sediment  to  the  stream.  The 
granitic  geology  of  the  watershed  exacerbates  sediment  delivery  owing  to  rapid  erosion  rates.  The  Middle 
Fork  and  North  Fork  of  Warm  Springs,  and  possibly  natural  hot  springs  contribute  metals.  Diffuse 
sediment  sources  associated  with  rural  home  sites  and  irrigated  hay  fields  may  also  affect  the  stream. 
Private  property  lines  the  entire  length  of  the  stream  segment.  The  primary  land  uses  are  rural  housing  and 
agriculture  (hay  production  and  pasture).  The  stream's  floodplain  has  extensive  rural  home  development, 
but  most  of  the  stream  course  is  allowed  to  meander  naturally,  with  the  exception  of  road  crossings.  Most 
of  the  stream  conforms  to  a  Rosgen  C-type  stream,  with  some  sections  of  B.  During  the  air  photo 
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assessment,  some  minor  road  encroachment  was  noted  and  the  lower  portion  of  the  stream  was 
channelized.  Riparian  buffers  were  variable  in  width  depending  on  location.  In-stream  sediment 
deposition  was  observed  at  the  beginning  of  the  segment.  This  is  thought  to  result  from  a  combination  of 
factors,  including  the  confluence  of  tributaries,  a  decrease  in  valley  slope,  and  localized  sediment  sources 
associated  with  home  construction  activities. 

The  Tetra  Tech/Land  &  Water  field  team  performed  a  field  investigation  on  a  portion  of  Warm  Springs 
Creek  below  the  Woodland  Park  loop  road  in  summer  2003.  The  field  team  gave  the  stream  a  rating  of 
"functional-at  risk",  citing  excessive  sediment  deposition  and  a  limited  riparian  area  as  causes  for 
concern.  GPS  source  assessment  attributes  included  road  sediment  delivery  points,  a  road  construction 
site,  a  problem  culvert,  an  animal  confinement  area,  and  natural  hot  springs  discharges  (close  to  the 
mouth).  Below  are  selected  field  measurements  recorded  at  one  of  the  natural  hot  springs. 


SITE  ID 

pH 

Temperature  (°C) 

Dissolved  02  (mg/L) 

Conductance  (uS/em) 

WS-5 

6.87 

52.3 

<  1.0 

1008 

C.3.1.12  Clancy  Creek  (headwaters  to  the  mouth)  MT41I006   120 

Stream  segment  MT41I006100  is  approximately  1 1  miles  in  length  and  is  impacted  by  sediment,  metals, 
and  habitat  and  channel  alterations.  Road  maintenance  and  runoff,  and  bare  stream  banks  contribute 
sediment.  The  granitic  geology  of  the  watershed  exacerbates  sediment  delivery  owing  to  rapid  erosion 
rates.  Historic  hard  rock  mining  operations  in  the  upper  watershed  contribute  metals.  Historic  placer 
mining  has  altered  stream  morphology  and  possibly  hydrology.  Diffuse  sediment  sources  associated  with 
grazing,  rural  housing,  and  hay  cultivation  may  also  affect  the  stream.  Private  property  lines  the  majority 
of  the  stream  and  the  BLM  is  the  only  other  landowner. 

From  the  beginning  of  the  303(d)-listed  segment  to  the  confluence  with  Quartz  Creek,  Rosgen  stream 
type  transforms  from  an  A  to  altered  reaches  of  C  and  B.  The  primary  land  use  is  grazing,  with  a  deferred 
rotation  grazing  system  on  BLM  lands.  In  the  headwaters  area,  there  are  over  ten  historic  hard  rock 
mines,  including  two  high  priority  sites.  Cattle  graze  along  the  stream  and  have  trampled  banks  and 
reduced  riparian  vegetation.  There  is  also  evidence  of  beaver  activity.  The  Clancy  Creek  road  is  a  major 
sediment  source  above  Quartz  Creek,  where  gully  and  rill  erosion  was  observed.  The  Tetra  Tech/Land  & 
Water  field  survey  team  investigated  a  portion  of  the  headwaters  segment.  The  team  gave  the  stream  a 
rating  of  "non-functional".  GPS  source  assessment  features  within  this  stretch  of  the  stream  included 
road  sediment  delivery  points,  poorly  managed  grazing  lands,  and  a  mine  waste  rock  dump. 

From  the  confluence  of  Quartz  Creek  to  the  mouth,  the  stream  alternates  from  a  Rosgen  C  stream  type,  to 
a  disturbed  channel  with  characteristics  of  B,  C,  F,  and  G  channels.  The  primary  land  uses  are  hay  fields 
and  pasture,  and  rural  housing.  Over  half  of  the  stream  below  the  Quartz  Creek  confluence  has  been 
incised,  widened,  and  straightened  by  historic  placer  mining.  Of  the  303(d)-listed  segments  in  the  Lake 
Helena  planning  unit,  placer  mine  tailings  are  most  extensive  on  Clancy  Creek.  Housing  development 
gradually  increases  towards  the  town  of  Clancy.  Riparian  vegetation  buffers  are  variable  in  width  due  to 
hay  cultivation,  placer  tailings  mounds,  and  development  close  to  the  stream.  Clear-cut  logging  has 
occurred  in  adjacent  uplands  to  the  south  of  the  stream.  An  old  bum  was  visible  on  the  surrounding  hill 
slopes  closer  towards  the  mouth.    The  Tetra  Tech/Land  &  Water  field  team  performed  a  field 
investigation  on  a  portion  of  this  segment  above  Clancy  during  summer  2003.  The  field  team  assigned  a 
rating  of  "non-functional"  to  the  segment.  GPS  source  assessment  features  on  this  stretch  of  the  stream 
included  road  sediment  delivery  points,  a  problem  culvert,  animal  confinement  areas,  and  an  irrigation 
diversion. 
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C.3.1.13  Lump  Gulch  (headwaters  to  the  mouth)  MT41I006   130 

Stream  segment  MT  41 1006130  is  approximately  14  miles  in  length  and  is  impacted  by  sediment, 
metals,  and  habitat  and  channel  alterations.  Road  maintenance  and  runoff,  bare  stream  banks,  and  mine 
tailings  contribute  sediment.  The  granitic  geology  of  the  watershed  exacerbates  sediment  delivery  owing 
to  rapid  erosion  rates.  Historic  hard  rock  mining  operations  in  the  upper  watershed  contribute  metals. 
Historic  placer  mining  has  altered  stream  morphology  and  possibly  hydrology.  Diffuse  sediment  sources 
associated  with  logging  activities,  grazing,  rural  housing,  and  hay  cultivation  may  also  affect  the  stream. 
This  segment  will  be  reviewed  on  the  basis  of  ownership. 

The  headwaters  portion  of  the  stream  flows  on  the  HNF,  but  the  majority  of  the  land  surrounding  the 
creek  is  private  property  due  to  patented  mining  claims.  Rosgen  stream  type  goes  from  an  A  to  altered  A, 
B,  and  C  reaches.  The  HNF  portions  of  the  watershed  are  managed  for  timber  harvest  and  grazing.  There 
is  some  dispersed  rural  housing  along  the  creek  on  private  property.  In  the  headwaters  area  there  are  over 
ten  historic  hard  rock  mines,  including  four  high  priority  sites  in  Frohner  Basin.  During  the  air  photo 
assessment,  the  drainage  was  observed  to  be  disrupted  by  historic  dams  at  the  Frohner  Meadows  Mine. 
Heavy  logging  was  visible  on  the  hill  slopes  to  the  south  of  the  stream.  The  HNF  field  survey  team 
investigated  a  portion  of  the  headwaters  segment.  HNF  gave  the  stream  a  rating  of '*functional-at  risk", 
noting  sediment  deposition  and  upstream  impacts.  HNF  GPS  source  assessment  features  documented 
along  this  stretch  of  the  stream  included  road  sediment  delivery  points,  mine  waste  rock  dumps,  a  mining 
dam,  and  channel  incision. 

From  the  HNF  administrative  boundary  to  the  mouth,  the  stream  alternates  from  a  Rosgen  B  stream  type 
to  altered  B  and  C  reaches.  The  primary  land  uses  are  hay  fields  and  pasture,  and  rural  housing.  Housing 
development  gradually  increases  towards  the  mouth.  Riparian  vegetation  buffers  are  variable  in  width 
due  to  distance  from  roads,  development  close  to  the  stream,  and  hay  cultivation.  The  HNF  and  Tetra 
Tech/Land  &  Water  field  teams  investigated  a  portion  of  this  segment  below  Buffalo  Gulch.    The  stream 
was  given  a  rating  of  "functional-at  risk",  again  noting  sediment  deposition  and  upstream  impacts.  Below 
the  forest  boundary,  stream  access  was  restricted  due  to  the  prevalence  of  home  sites  along  the  floodplain. 
GPS  source  assessment  features  documented  along  this  stretch  of  the  stream  consisted  of  road  sediment 
delivery  points.  Intermittent  logging,  grazing  activities,  hay  cultivation,  and  removal  of  riparian 
vegetation  were  also  witnessed. 

C. 3. 1.14  Jackson  Creek  (headwaters  to  the  mouth)  MT41I006   190 

Stream  segment  MT41I006_190  is  approximately  2.5  miles  in  length  and  is  impacted  by  sediment.  Fire 
disturbance  and  unpaved  road  runoff  contribute  sediment.  The  granitic  geology  of  the  watershed 
exacerbates  sediment  delivery  owing  to  rapid  erosion  rates. 

The  upper  half  of  the  stream  segment  flows  through  a  section  of  the  HNF  Elkhorn  Management  Unit  and 
the  lower  half  flows  through  private  property.  This  area  of  the  Elkhorns  is  managed  for  big  game  habitat 
and  optimal  water  quality.  The  upper  portion  of  the  watershed  is  restricts  motorized  vehicles  yearlong. 
There  is  some  dispersed  housing  near  the  creek  on  the  private  land.  The  stream  goes  from  a  Rosgen 
stream  type  Aa  to  Ba.  The  headwaters  area  has  extremely  rugged  terrain  with  exposed  rock  outcrops  and 
rockslides.  In  1988,  the  whole  drainage  was  burned  over  in  the  Warm  Springs  wildfire.  During  the  air 
photo  assessment,  which  was  based  on  1999  vintage,  post-fire  photos,  most  vegetation  present  in  the 
watershed  was  restricted  to  riparian  areas.  There  is  a  moderately  high  density  of  roads  in  the  watershed, 
with  minor  road  encroachment  on  the  stream  corridor. 
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The  Tetra  Tech/Land  &  Water  field  team  performed  a  field  investigation  on  a  portion  of  this  segment  near 
the  mouth  in  summer  2003.  The  field  survey  team  gave  the  stream  a  rating  of  "proper  functioning 
condition".  Although  excess  sediment  was  observed  in  the  stream,  many  pools  and  healthy,  diverse 
riparian  vegetation  were  observed.  Due  to  access  constraints,  no  source  assessment  features  were 
documented  with  the  GPS. 
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C.3.2  Tenmile  Creek  Drainage 

C.3.2.1  Tenmile  Creek  (headwaters  to  Helena  PWS  intake  above  Rimini)  MT41I006141 

Stream  segment  MT41I006_141  is  approximately  6.5  miles  in  length  and  is  impacted  by  sediment, 
metals,  habitat  and  channel  alterations,  and  flow  alteration.  Road  maintenance  and  runoff,  and  bare 
stream  banks  contribute  sediment.  The  granitic  geology  of  the  watershed  exacerbates  sediment  delivery 
owing  to  rapid  erosion  rates.  Historic  hard  rock  mining  operations  in  the  upper  watershed  contribute 
metals.  Historic  placer  mining  and  current  water  diversions  have  altered  stream  morphology  and 
hydrology. 

The  headwaters  portion  of  the  stream  flows  on  the  HNF,  but  the  majority  of  the  land  surrounding  the 
creek  is  private  property  due  to  patented  mining  claims.  Rosgen  stream  type  goes  from  an  Aa  to  altered  A 
and  B  reaches,  with  a  few  less  confined  sections  (C  and  E).  The  HNF  manages  this  area  as  part  of  the 
municipal  watershed  for  the  City  of  Helena.  A  small  portion  of  the  upper  watershed  is  managed  for 
timber  harvest,  while  no  resource  development  is  to  occur  in  the  rest  of  the  watershed.  Dispersed  rural 
housing  occurs  on  private  property.  Housing  development  gradually  increases  towards  the  town  of 
Rimini.  Over  twenty  historic  hard  rock  mines  are  present  in  the  headwaters  area,  including  five  high 
priority  sites.  During  the  air  photo  assessment,  major  clear-cuts  were  visible  on  private  lands  in  the 
headwaters  area.  Riparian  buffer  widths  were  variable  due  to  moderate  road  encroachment  (Rimini  Road 
and  secondary  HNF  roads),  and  from  private  land  uses.  Stream  incisement  and  eroding  stream  banks 
were  noticeable.  Channelization  of  the  stream  to  accommodate  the  Rimini  Road  was  evidenced  by  a 
meander  cutoff. 

The  HNF  field  survey  team  investigated  two  sites  along  the  headwaters  segment:  two-thirds  of  a  mile 
from  the  headwaters,  and  above  the  confluence  with  Banner  Creek.  At  the  upper  site,  the  HNF  gave  the 
stream  a  rating  of  "proper  functioning  condition",  and  noted  that  the  site  could  be  a  reference  candidate. 
At  the  lower  site,  the  HNF  gave  the  stream  a  rating  of  "functional-at  risk",  observing  sediment  deposition 
and  recovery  from  mining  impacts  (channel  incisement,  lack  of  riparian  vegetation).  HNF  GPS  source 
assessment  features  included  placer  tailings,  historic  mining  dams,  stream  channelization,  channel 
incisement,  road  crossings,  and  sediment  delivery  points. 

C. 3.2.2  Tenmile  Creek  (Helena  PWS  intake  above  Rimini  to  Helena  WTP)  MT41I006142 

Stream  segment  MT41I006142  is  approximately  seven  miles  in  length  and  is  impacted  by  sediment, 
metals,  habitat  and  channel  alterations,  and  flow  alteration.  Road  maintenance  and  runoff,  upstream 
sources,  and  bare  stream  banks  contribute  sediment.  Upstream  and  localized  sources  contribute  metals 
contaminants.  Channelization  from  roads  and  current  water  diversions  has  altered  stream  morphology 
and  hydrology.  Diffuse  sediment  and  nutrient  sources  from  subdivisions  may  also  affect  the  stream. 
Dewatering  along  this  segment  has  severely  affected  the  flow  regime. 

About  half  of  the  stream  segment  flows  on  the  HNF  and  half  on  private  property.  Most  of  the  upland 
portion  of  the  watershed  is  within  the  HNF.  The  HNF  portions  are  managed  primarily  for  timber  harvest, 
wildlife  habitat,  and  grazing.  There  are  also  some  sections  managed  for  the  municipal  watershed  for  the 
City  of  Helena,  where  timber  harvest  occurs,  as  well  as  areas  of  no  resource  development.  The  primary 
land  uses  on  private  property  are  rural  housing  and  subdivisions.  Housing  development  increases  towards 
the  end  of  the  segment.  During  the  aerial  photo  assessment,  many  meander  cutoffs  associated  with  the 
Rimini  Road  were  observed  along  this  segment  of  Tenmile  Creek.  In  many  reaches,  the  stream  does  not 
conform  to  a  Rosgen  stream  type,  but  has  sections  of  B,  C  and  F  channels.  Again,  stream  incisement  and 
eroding  stream  banks  were  visible.  Lack  of  flow  was  evident,  with  water  visible  in  only  half  of  the 
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channel.  Riparian  belt  width  was  limited  due  to  major  encroachment  from  the  Rimini  Road.  Intermittent 
logging  has  occurred  in  hill  slopes  surrounding  tributary  streams. 

The  Tetra  Tech/Land  &  Water  field  team  performed  a  field  investigation  on  a  portion  of  this  segment 
below  the  confluence  with  Bear  Gulch.  The  field  survey  team  gave  the  stream  a  rating  of  "functional-at 
risk",  mostly  on  the  basis  of  riparian  vegetative  and  energy  dissipating  characteristics.  GPS  source 
assessment  features  were  collected  by  the  HNF  and  Tetra  Tech/Land  &  Water  teams.   Documented  sites 
include  road  sediment  delivery  points,  loss  of  riparian  vegetation,  placer  tailings,  lack  of  flow,  and 
suspected  wastewater  seepage  from  individual  septic  systems. 


C.3.2.3  Tenmile  Creek  (from  Helena  WTP  to  mouth)  MT4 11006   143 

Stream  segment  MT41I006143  is  approximately  16  miles  in  length  and  is  impacted  by  sediment,  habitat 
and  channel  alterations,  metals,  nutrients,  and  flow  alteration.   Road  maintenance  and  runoff,  road 
construction,  upstream  sources,  tributary  streams,  and  bare  stream  banks  contribute  sediment  to  the 
stream.  Channelization  associated  with  roads  and  agricultural  operations  have  altered  stream 
morphology.  Upstream  sources  contribute  metals  contaminants.  Irrigation  diversions,  grazing  practices, 
and  upstream  sources  contribute  nutrients.  Dewatering  has  affected  the  natural  hydrology  of  the  stream 
and  the  quality  of  aquatic  habitat.   Diffuse  sediment  and  possibly  nutrients  sources  from  rural  housing  and 
subdivisions  also  affect  the  stream. 

Private  property  lines  the  entire  length  of  the  stream  segment.  The  primary  land  uses  are  hay  fields  and 
pasture,  rural  housing,  and  subdivisions.  In  many  stretches,  the  stream  does  not  conform  to  a  Rosgen 
stream  type,  but  has  reaches  of  C  and  F  channels.  During  the  air  photo  assessment,  about  16  percent  of 
the  segment  was  observed  to  be  affected  by  channelization  (mainly  associated  with  Highway  12). 
Riparian  buffer  widths  were  variable  depending  on  land  uses  and  management  practices.  Exposed  and 
eroding  stream  banks  were  visible.  Once  the  stream  enters  the  Helena  Valley,  the  number  of  rural 
subdivisions  potentially  impacting  the  stream  greatly  increases.  However,  the  beginning  and  end  of  this 
segment  of  Tcnmilc  Creek  are  largely  composed  of  ranch  and  agricultural  lands. 

The  Tetra  Tech/Land  &  Water  field  survey  team  investigated  two  portions  of  this  segment:  above 
Sevenmile  and  above  Green  Meadow  Drive.  The  team  gave  ratings  of  "functional-at  risk"  to  both  stream 
segments.  Healthy  and  diverse  riparian  vegetation  was  noted,  as  were  bank  alterations  and  excessive 
sediment.  Chronic  dewatering  is  an  issue,  as  the  stream  was  observed  dry  or  almost  dry  at  four  of  1 1 
locations  where  observations  were  made.  Source  assessment  features  included  animal  confinement  lots, 
construction  sites,  road  crossings,  sediment  delivery  points,  and  areas  where  the  stream  channel  was  dry. 
At  one  point  the  stream  flows  through  a  golf  course  where  channel  straightening  has  occurred,  and  natural 
riparian  vegetation  has  been  replaced  with  a  manicured  lawn  to  the  stream's  edge. 

C. 3.2.4  Skelly  Gulch  (tributary  of  Greenhorn  Creek)  MT4 11006  220 

Stream  segment  MT41I006220  is  approximately  seven  miles  in  length  and  is  impacted  by  sediment, 
metals,  and  habitat  and  channel  alterations.  Road  maintenance  and  runoff,  and  road  construction 
contribute  sediment  to  the  stream.  Historic  hard  rock  mines  in  the  upper  watershed  contribute  metals. 
Historic  placer  mining  has  altered  stream  morphology  and  possibly  hydrology.   Diffuse  sediment  sources 
from  grazing,  rural  housing,  and  historic  hard  rock  mining  may  also  affect  the  stream. 

The  headwaters  of  this  stream  flow  on  the  HNF,  where  the  stream  is  mainly  a  Rosgen  type  A  channel. 
The  HNF  manages  the  area  for  timber  harvest  and  grazing.  During  the  air  photo  assessment,  clear-cuts 
were  observed  in  the  headwaters  relatively  close  to  the  stream  course.  Riparian  buffer  areas  were 
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extensive,  except  where  limited  by  minor  road  encroachment.  The  stream  is  intermittent  from  its 
headwaters  until  the  aspect  change  from  east-west  to  north-south.  The  HNF  portion  of  the  stream  was 
assessed  for  sources  by  the  HNF.  Their  GPS  inventory  documented  road  sediment  delivery  points, 
channel  incision  and  channelization  from  placer  mining,  bank  trampling  and  loss  of  riparian  vegetation 
due  to  livestock  grazing,  and  one  mine  waste  rock  dump  within  the  stream  bank  full  width. 

Private  property  lines  the  majority  of  the  stream  from  the  HNF  boundary  to  Skelly  Gulch's  confluence 
with  Sevenmile  Creek.  Intermittent  parcels  of  BLM  land  are  also  present.  The  stream  is  mainly  a  Rosgen 
stream  type  B  with  a  few  sections  of  C.  During  the  air  photo  assessment,  variable  riparian  buffer  widths 
and  moderate  road  encroachment  from  the  Skelly  Gulch  Road  were  observed.  The  primary  land  use  is 
rural  housing.  Due  to  access  constraints,  limited  source  assessment  features  were  recorded  along  this 
segment.  GPS  sites  included  road  sediment  delivery  points,  a  problem  culvert,  and  beaver  ponds.  Areas 
of  high  sedimentation  were  documented  near  the  mouth.  The  Tetra  Tech/Land  &  Water  field  survey  team 
investigated  a  portion  of  this  segment  below  the  confluence  with  Jeff  Davis  Gulch.  The  team  assigned  the 
stream  a  rating  of  "proper  functioning  condition".  Healthy  and  diverse  vegetation  were  noted,  as  were 
good  fish  habitat  components. 


C.3.2.5  Sevenmile  Creek  (headwaters  to  mouth)  MT41I006   160 

Stream  segment  MT4 1 1006020  is  approximately  eight  miles  in  length  and  is  impacted  by  sediment, 
habitat  and  channel  alterations,  metals,  nutrients,  and  flow  alteration.  Road  maintenance  and  runoff, 
upstream  sources,  and  bare  stream  banks  contribute  sediment  to  the  stream.  Channelization  from  roads, 
railways,  and  agricultural  operations  has  altered  stream  morphology  and  possibly  hydrology.  Upstream 
sources  contribute  metals  contaminants.  Irrigation  return  flows,  grazing  practices,  and  upstream  sources 
contribute  nutrients.  Irrigation  water  withdrawals  affect  aquatic  habitat  and  stream  hydrology.  Diffuse 
sediment  and  possibly  nutrients  sources  from  rural  housing  may  also  affect  the  stream. 

Private  property  lines  the  majority  of  the  stream  segment.  Intermittent  parcels  of  BLM  land  are  also 
present.  The  primary  land  uses  are  as  a  transportation  corridor,  hay  fields  and  pasture,  and  rural  housing. 
On  BLM  lands  near  the  stream,  the  railroad  has  the  right  of  way.  In  many  stretches,  the  stream  does  not 
conform  to  a  Rosgen  stream  type,  but  has  some  stretches  of  C,  B,  and  G  channel  types.  During  the  air 
photo  assessment,  the  segment  from  the  headwaters  to  the  Austin  Road  crossing  was  observed  to  be 
affected  by  channelization  from  the  railway.  According  to  the  BLM,  the  railroad  managers  have  "built 
fire  breaks  that  have  caused  increased  sedimentation  in  the  creek".  Stream  incisement  and  eroding  stream 
banks  were  visible  about  one  and  one-quarter  miles  downstream  of  the  Austin  Road  crossing.  It  appeared 
that  the  stream  had  down  dropped  about  three  channel  widths,  with  trees  and  brush  growing  in  this 
incised  area.  This  could  be  associated  with  a  large  irrigation  diversion,  noticeable  just  below  the 
beginning  of  the  incision.  After  the  diversion,  the  stream  did  not  fill  the  entire  channel.  Riparian  buffer 
widths  were  variable  depending  on  land  management  practices.  Nearer  to  the  stream's  mouth,  there  is  a 
noticeable  increase  in  subdivision  developments  but  none  are  immediately  proximal  to  the  stream. 

Due  to  access  constraints,  limited  source  assessment  features  were  recorded  along  this  segment.  GPS 
features  that  were  documented  include  road  sediment  delivery  points,  an  animal  confinement  area,  an 
irrigation  diversion,  and  suspected  wastewater  seepage  from  Fort  Harrison's  defunct  sewage  treatment 
facility.  Excessive  sediment  was  noted  at  the  Birdseye  Road  crossing  and  near  the  mouth,  with  sand  and 
silt  being  the  dominant  substrate  materials.  The  Tetra  Tech/Land  &  Water  field  survey  team  investigated 
a  portion  of  this  segment  above  the  mouth.  The  team  gave  the  stream  a  rating  of  "functional-at  risk". 
While  healthy  riparian  vegetation  was  observed,  stream  dewatering  appears  to  be  a  significant  problem. 
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C.3.3  Silver  Creek  Drainage 

C.3.3.1  Jennie's  Fork  (headwaters  to  mouth)  MT41I006210 

Stream  segment  MT41I006210  is  approximately  1.5  miles  in  length  and  is  impacted  by  sediment,  habitat 
and  channel  alterations,  and  metals.  Road  maintenance  and  runoff,  and  a  large  unpaved  parking  lot 
contribute  sediment.  The  granitic  geology  of  the  watershed  exacerbates  sediment  delivery  owing  to  rapid 
erosion  rates.  Historic  mining  operations  and  ski  area  development  have  altered  channel  morphology  and 
possibly  hydrology.  Historic  hard  rock  mining  operations  in  the  watershed  contribute  metals. 

Most  of  the  stream  flows  on  private  property,  with  some  BLM  ownership  in  the  headwaters.  The  primary 
land  use  is  recreation  associated  with  the  Great  Divide  ski  area,  with  the  historic  gold  mining  town  of 
Marysville  located  near  its  mouth.  The  stream  goes  from  a  Rosgen  stream  type  Aa  to  B.   During  the  air 
photo  assessment,  variable  width  riparian  buffers  and  major  road  encroachment  were  observed.  There  is 
an  extremely  high  density  of  roads  in  the  watershed,  especially  in  the  vicinity  of  the  ski  resort. 

During  the  source  assessment,  it  was  learned  that  Jennie's  Fork  point  of  origin  is  a  mine  shaft  on  Mt. 
Belmont.  The  state  has  done  significant  reclamation  work  at  this  location  and  mining  was  active  at  this 
particular  site  until  the  late  1990s.  GPS  features  included  road  sediment  delivery  sites,  problem  culverts, 
stream  channelization  from  roads,  and  channel  incision.  It  appears  that  many  of  the  culverts  along  the 
stream  are  undersized  to  handle  runoff  events.  Below  the  ski  area  parking  lot,  there  is  evidence  of  at  least 
three  channels  that  carry  flow  during  spring  runoff.  Cattle  and  horses  were  observed  grazing  below  the 
parking  lot,  and  have  trampled  the  stream  banks  and  destroyed  riparian  vegetation.  The  Tetra  Tech/Land 
&  Water  field  survey  team  investigated  a  portion  of  this  segment  below  the  Great  Divide  ski  area  in 
summer  2003.  The  field  survey  team  gave  the  stream  a  rating  of  "functional-at  risk",  mostly  on  the  basis 
of  poor  riparian  vegetation  and  energy  dissipating  characteristics. 

C.3.3.2  Silver  Creek  (headwaters  to  mouth)  MT4 11006   150 

Stream  segment  MT41I006100  is  approximately  21  miles  in  length  and  is  impacted  by  habitat  and 
channel  alterations,  sediment,  metals,  nutrients,  and  flow  alteration.  Historic  placer  mining  and  irrigation 
diversions  and  canals  have  altered  stream  morphology  and  hydrology.  Road  maintenance  and  runoff, 
road  construction,  tributary  streams,  in-channel  sources,  and  diffuse  non-point  sources  associated  with 
rural  housing  and  grazing  contribute  sediment  to  the  stream.  Historic  hard  rock  mining  operations  in  the 
upper  watershed  contribute  metals.  Irrigation  diversions  and  diffuse  source  areas  associated  with  grazing, 
rural  housing,  and  subdivisions  contribute  nutrients.  Except  for  small  sections  of  BLM  land  in  the  upper 
portion  of  the  segment,  private  property  lines  the  entire  stream. 

From  the  beginning  of  the  303(  delisted  segment  to  the  first  valley  opening  above  Silver  City,  Rosgen 
stream  type  goes  changes  between  altered  B  and  altered  C  reaches.  Land  use  near  the  stream  corridor  is 
limited  due  to  the  remnants  of  historic  mines  and  mills.  Grazing  occurs  on  upslope  BLM  lands,  and  an 
unpaved  road  above  the  left  bank  of  the  stream  travels  to  the  historic  gold  mining  town  of  Marysville  and 
on  to  the  Great  Divide  Ski  Area.  During  the  air  photo  assessment,  over  half  of  this  section  of  the  stream 
segment  was  observed  to  be  incised,  widened,  and  straightened  by  historic  placer  mining.  GPS  source 
assessment  features  on  this  stretch  of  the  stream  included  road  sediment  delivery  points,  beaver  pond 
complexes,  placer  mine  tailings  piles,  and  a  problem  culvert. 

From  the  first  valley  opening  above  Silver  City  to  Green  Meadow  Drive,  the  stream  alternates  from  a 
Rosgen  C  stream  type  to  a  disturbed  channel  with  characteristics  of  C  and  F  channels.  During  the  air 
photo  assessment  there  was  a  noticeable  increase  in  stream  sinuosity  through  this  reach,  but  some  sections 
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appear  to  be  channelized  for  irrigation  purposes.  The  primary  land  uses  are  hay  fields  and  pasture,  and 
rural  housing.  Housing  development  gradually  increases  towards  Green  Meadow  Drive.  Riparian 
vegetative  buffers  were  variable  depending  on  landowner  and  land  uses.  GPS  source  assessment  features 
on  this  stretch  of  the  stream  included  road  sediment  delivery  points,  riprap,  and  a  dry  streambed  at  Green 
Meadow  Drive. 

After  crossing  Green  Meadow  Drive,  the  entire  stream  course  is  channelized  in  irrigation  ditches  and 
canals.  Some  stream  flow  is  replenished  from  irrigation  returns  and  groundwater  drains.  The  primary 
land  uses  are  hay  fields  and  pasture,  rural  housing,  and  subdivisions.  A  channel  resembling  a  stream 
course  doesn't  appear  again  until  just  before  entering  Lake  Helena.  Due  to  access  limitations,  no  source 
assessment  features  were  documented  with  the  GPS  along  this  portion  of  the  stream. 
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C.3.4  Lake  Helena 

C.3.4.1  Lake  Helena  MT41I007  010 

Lake  Helena  (MT41I007010)  is  approximately  2,100  acres  in  size  and  is  the  ultimate  receiving  water 
body  for  streams  draining  the  620  square  mile  Lake  Helena  watershed.  The  Lake  Helena  portion  of  the 
Helena  Valley  originally  consisted  of  a  wetland  complex  that  ranged  in  size  from  3,600  to  7,800  acres 
(Wetlands  Community  Partnership,  2001 ).  In  1907,  Hauser  Dam  and  Reservoir  were  constructed  on  the 
Missouri  River  north  of  Helena.  Water  backing  up  behind  the  dam  inundated  the  lower  reaches  of  Pickly 
Pear  Creek  and  the  surrounding  wetlands  thereby  creating  Lake  Helena.  In  1945,  an  earthen  causeway 
and  control  structures  were  installed  to  allow  independent  regulation  of  water  levels  in  Hauser  Reservoir 
and  Lake  Helena  (Shields,  et.  al.,  1995).  The  Lake  Helena  Causeway  now  separates  Lake  Helena  from 
the  so  called  Causeway  Ann  of  Hauser  Reservoir.  Each  of  these  two  reservoir  segments  is  listed  as  a 
separate  segment  on  the  Montana  303(d)  List. 

The  primary  pollutant  sources  identified  as  affecting  Lake  Helena  during  the  pollution  source  assessment 
were  tributary  streams,  a  variety  of  non-point  pollution  sources,  and  natural  geologic  factors.  Tributary 
streams,  diffuse  non-point  sources,  and  natural  sources  were  documented  as  contributing  sediment, 
nutrients,  and  metals  to  Lake  Helena.  These  observations  and  conclusions  were  based  on  literature 
reviews,  interpretation  of  available  aerial  photographs,  and  analysis  of  a  variety  of  chemical,  physical,  and 
biological  samples. 

The  lowest  elevations  in  the  Helena  Valley  are  occupied  by  Lake  Helena,  which  lies  over 
Quaternary  alluvial  valley  bottom  sediment  deposits.  Lake  Helena  is  a  very  shallow  water  body 
with  an  average  depth  of  5.2  feet.  The  surface  area  is  approximately  3.2  square  miles,  or  2,072 
acres.  The  limnology  of  the  lake  is  strongly  influenced  by  a  large  watershed  area  to  lake  area. 
The  water  surface  elevation  of  Lake  Helena  is  partly  controlled  by  Hauser  Dam  on  the  Missouri 
River  and  a  control  structure  at  the  Lake  Helena  Causeway.  The  water  level  in  Hauser  Lake 
upstream  from  Hauser  Dam  is  managed  for  power  generation,  flood  control  and  recreational 
uses.  Missouri  River  flow  into  and  out  of  Hauser  Reservoir  is  coordinated  with  the  operation  of 
upstream  and  downstream  hydroelectric  dams  (Canyon  Ferry  Dam  and  Holter  Dam, 
respectively).  Lake  Helena  does  not  continuously  discharge  water  to  Hauser  Reservoir.  On 
occasion,  depending  on  the  respective  water  levels  of  the  two  reservoirs,  flow  direction  may 
reverse  with  Hauser  Reservoir  discharging  water  to  Lake  Helena  (Shields  et.  al.,  1995). 

Hydrologic  inputs  to  Lake  Helena  include  the  major  tributary  streams  (Prickly  Pear  Creek,  Tenmile  Creek 
and  to  a  lesser  extent,  Silver  Creek),  ground  water  discharge,  tile  drainage  associated  with  the  Helena 
Valley  Irrigation  District  (HVID),  treated  wastewater  discharges  from  the  cities  of  Helena  and  East 
Helena  (discharged  to  Prickly  Pear  Creek),  and  the  Missouri  River  via  direct  or  indirect  discharges  from 
the  Helena  Valley  Irrigation  Canal  and  from  occasional  backflows  from  Hauser  Reservoir  to  Lake  Helena 
(Kendy  et  al.,  1998).  In  the  summer,  the  lower  reaches  of  both  Prickly  Pear  and  Tenmile  creeks  are 
severely  dewatered  due  to  irrigation  withdrawals  and  their  direct  discharges  to  Lake  Helena  are 
negligible.  Most  of  Silver  Creek's  small  volume  of  flow  never  reaches  the  Helena  Valley  due  to  channel 
losses  to  ground  water  and  irrigation  withdrawals.  Silver  Creek  becomes  a  channelized  ditch  in  its  lower 
reaches  and  groundwater  tile  drainage  discharging  from  the  west  and  north  portions  of  the  Helena  Valley 
comprise  most  or  all  of  its  flow.  During  the  summer  season,  when  a  large  volume  of  Missouri  River 
water  is  imported  into  the  Helena  Valley  to  irrigate  crops,  direct  discharges  from  the  main  Helena  Valley 
Irrigation  Canal  and  an  extensive  series  of  lateral  canals  provide  most  of  the  inflow  to  Lake  Helena.  An 
additional  but  unquantified  volume  of  Missouri  River  water  enters  Lake  Helena  via  ground  water 
discharges  from  irrigated  fields  within  the  Helena  Valley  Irrigation  District.  During  the  2003  irrigation 
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season  (April  1  to  September  30),  an  average  daily  flow  of  231  cfs  was  discharged  from  the  Missouri 
River  Helena  Valley  Regulating  Reservoir  through  the  HVID  canal  system  (Personal  communication,  Jim 
Foster,  October  2004).  Most  of  this  water  can  be  assumed  to  eventually  reach  Lake  Helena,  minus 
evapotranspiration  losses  from  irrigated  fields.  In  contrast,  average  daily  flows  for  Prickly  Pear  Creek 
(near  Clancy),  McClellan  Creek  (near  the  mouth),  and  Tenmile  Creek  (near  the  mouth)  for  the  April  1  to 
September  30  timeframe  total  about  143  cfs  (USGS  2004). 

Lake  Helena  is  surrounded  by  private  lands,  with  the  exception  of  a  small  public  waterfowl  preserve 
operated  by  Montana  Fish,  Wildlife  and  Parks  that  is  located  along  the  northwestern  shore.  Pacific  Power 
and  Light  (PP&L)  has  a  603  acre  easement  along  the  west  and  south  shoreline  areas  of  the  lake  to 
accommodate  fluctuating  water  levels  that  result  from  the  operations  of  Hauser  Dam.  Private  parcels 
along  the  western  and  southern  edges  of  the  lake  consist  of  ranches  and  large  residential  lots  with 
livestock  pasture  and  hay  fields  that  extend  to  the  lake's  edge.  On  the  north  and  east  shores  of  the  lake, 
recent  subdivision  development  has  resulted  in  the  construction  of  many  homes  on  one  acre  (mostly  near 
the  causeway)  or  twenty  acre  lots.  Interestingly,  when  the  Lewis  and  Clark  County  cadastral  land 
ownership  GIS  layer  is  overlain  on  a  current  aerial  photo  of  the  area,  many  of  the  subdivided  lots  on  the 
north  shore  of  Lake  Helena  have  half  of  their  parcels  inundated  by  water. 

Waterborne  contaminants  originating  within  many  of  the  303(d)  listed  streams  drainages  are  ultimately 
transported  to  Lake  Helena.  Diffuse  pollution  sources  associated  with  rural  housing,  agricultural 
practices,  and  natural  sources  also  affect  the  lake.  Although  the  area  was  once  a  substantial  wetland,  the 
majority  of  riparian  vegetation  is  now  restricted  to  the  portion  of  shoreline  where  Prickly  Pear  Creek  and 
the  Silver  Creek  Ditch  enter  the  lake.  This  corresponds  to  the  area  protected  by  the  PP&L  easement.  The 
Missouri  River  irrigation  water  interbasin  transfer  may  contribute  to  an  increase  in  arsenic  loading  to 
Lake  Helena,  while  surplus  irrigation  water  discharges,  return  flows,  and  tile  drainage  may  be  sources  of 
nutrient  loading.  During  a  2003  pollution  source  assessment,  open  drains  discharging  tile  drainage  and 
excess  irrigation  water  to  Lake  Helena  were  observed  to  contain  high  densities  of  aquatic  plants  and  large 
numbers  of  dead  carp.  The  majority  of  the  Lake  Helena  watershed  drains  an  area  with  granitic  geology 
and  a  naturally  high  capacity  for  erosion  and  production  of  sediment.  Aerial  photographs  reviewed  as 
part  of  the  2003  source  assessment  showed  a  deltaic  formation  in  Lake  Helena  where  Prickly  Pear  Creek 
discharges  to  it.  Field  monitoring  activities  documented  a  shifting  stream  substrate  composed  of  granite 
sands  in  much  of  lower  Prickly  Pear  Creek.  Other  natural  sources  such  as  wind  events  contribute  to 
shoreline  erosion,  especially  along  the  east  shoreline  near  the  Lake  Helena  Causeway.  Historical  aerial 
deposition  of  metals  and  other  contaminants  from  the  ASARCO  East  Helena  lead  smelter  is  another 
potential  but  unquantified  source  of  impairment  in  Lake  Helena. 

C.4.0  CONCLUSIONS 

Pollution  sources  documented  in  the  Lake  Helena  TPA  resulted  from  historic  and  current  anthropogenic 
activities,  as  well  as  natural  factors.  Historic  pollution  source-generating  activities  included  hard  rock  and 
placer  mining,  logging,  and  various  categories  of  roads.  Present-day  sources  were  generally  associated 
with  agricultural  practices  and  urban  and  suburban  development.  Natural  sources  of  pollution  identified 
in  the  Lake  Helena  watershed  included  highly  erosive  granitic  geology  that  encompasses  much  of  the 
area,  the  residual  effects  of  forest  fire  and  historical  floods,  and  possibly  hot  springs  (thermal  and/or 
chemical  sources). 

Historical  placer  and  lode  mining  have  left  lasting  imprints  on  the  landscape.  Placer  and  lode  mine  and 
mill  tailings  piles,  acidic  metals-laden  adit  discharges,  channelized  and  incised  stream  courses,  and  altered 
hydrology  are  common  examples  of  the  detrimental  effects  of  the  mining  legacy  in  the  Lake  Helena 
watershed  (Figure  2).  While  the  state  and  federal  mine  reclamation  programs  have  made  significant 
progress,  the  list  of  problematic  sites  is  long  and  reclamation  is  costly.  Additionally,  candidate  sites  are 
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prioritized  on  the  basis  of  human  health  threats.  Water  quality,  especially  sub-lethal  impairment  of 
aquatic  life,  generally  receives  less  attention. 

Most  effects  of  logging  and  road  building  in  the  forested  areas  of  the  watershed  appeared  to  be  less 
significant  than  in  the  recent  past.  Federal  and  state  laws  pertaining  to  logging  and  road  building 
practices  have  evolved  to  become  more  protective  of  water  quality  and  riparian  areas.  At  the  same  time, 
timber  harvests  on  most  state  and  federal  lands  have  declined  from  former  levels.  Despite  this  trend, 
problems  remain  and  these  should  be  addressed  through  application  of  best  management  practices. 

As  for  road  management  activities  on  the  Helena  National  Forest,  forest  staffs  are  currently  working  to 
revise  the  forest  travel  management  plan.  According  to  scoping  information  provided  by  the  forest,  "the 
purpose  for  initiating  this  proposal  is  to  have  a  network  of  open  roads  and  trails  that  addresses  the  need 
for  a  variety  of  uses  while  meeting  goals,  objectives,  and  standards  for  the  multiple  resources  present 
within  the  project  areas"  (USDA  2004a).  Watershed,  water  quality  and  fisheries  are  resources  that  will  be 
addressed  within  the  context  of  the  travel  plan. 

Current  agricultural  land  management  activities  on  private  and  public  lands  in  the  Lake  Helena  TPA  are 
significant  sources  of  water  quality  impairment.  In  many  instances  poor  grazing  practices  were  observed 
on  HNF  and  private  lands.  These  activities  have  led  to  degraded  riparian  areas,  unstable  stream  banks, 
and  increased  delivery  rates  of  sediment,  nutrients,  and  pathogens  to  listed  streams.  A  few  concentrated 
livestock  feeding  operations  were  observed  on  private  lands  within  close  proximity  to  listed  stream 
segments.  Many  cultivated  areas  extended  virtually  to  the  stream  banks,  resulting  in  little  or  no  riparian 
buffer  area. 

Agricultural,  municipal  and  industrial  water  withdrawals  and  inter-basin  water  transfers  were  witnessed 
as  depleting  many  of  the  listed  streams  normal  flows  and  their  abilities  to  transport  normal  sediment  loads 
and  to  dilute  contaminants.  In  some  segments,  water  diversions  left  streams  completely  dewatered  for 
much  of  the  summer  season.  Irrigation  return  flows  potentially  contaminated  with  nutrients,  sediment  and 
pathogens  were  also  observed. 

Many  traditional  agricultural  areas  in  the  Lake  Helena  watershed  continue  to  be  rapidly  transformed  into 
'ranchettes'  and  subdivisions.  Individual  residences  and  housing  developments  are  becoming  common  or 
abundant  in  the  mountain  front  areas  and  especially  in  the  Helena  Valley.  These  home  sites  and 
associated  road  networks  have  increased  the  amount  of  impervious  surface  area  in  the  watershed,  which 
can  affect  the  timing  of  runoff  and  speed  the  delivery  of  pollutants  to  streams.  In  turn,  impervious  areas 
are  unavailable  for  recharge  to  the  water  table.  Roads  and  road  building  have  led  to  channelization, 
alterations  of  stream  banks,  degradation  of  riparian  areas,  and  increased  surface  runoff  (Figure  3). 
Moreover,  the  majority  of  new  homes  are  serviced  by  individual  wells  and  septic  systems,  which  can  alter 
stream  flows  and  contribute  nutrients  to  watersheds. 

Natural  sources  of  pollution  in  the  Lake  Helena  TPA  can  exacerbate  problems  stemming  from 
anthropogenic  sources.  This  is  particularly  true  in  the  case  of  the  highly  erosive  granitic  geology  that 
encompasses  much  of  the  watershed.  The  Boulder  Batholith  (TKb)  and  associated  rock  formations  are 
composed  primarily  of  quartz  monzonite  (Figure  4).  This  rock  formation  produces  coarse  sands  that  are 
easily  transported  during  runoff  events.  Rill  and  gully  formations  were  observed  in  disturbed  TKb  hill 
slope  areas  near  303(d)-listed  streams.  Many  of  the  listed  streams  found  in  the  TKb  geology  were  also 
witnessed  to  contain  heavy  amounts  of  deposited  sand.  Even  least-impaired  reference  streams  located 
within  this  geology  experienced  surplus  sand  deposition. 

Other  natural  sources  observed  in  the  Lake  Helena  TPA  included  the  effects  of  the  Warm  Springs  Creek 
wild  fire  of  1988.  Of  the  listed  stream  segments,  the  Jackson  Creek  drainage  was  most  affected  by  the 
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Warm  Springs  fire,  with  its  entire  watershed  area  being  burned  over.  Loss  of  vegetation  coupled  with 
steep  granitic  hill  slopes  led  to  an  introduction  of  excess  sediment  into  the  drainage  system.  Another 
possible  natural  source  of  impairment  was  associated  with  hot  springs  discharging  to  Warm  Springs 
Creek.  The  hot  springs  were  located  near  the  mouth,  and  there  was  even  a  medical  facility  that  utilizes  a 
developed  thermal  spring  at  Alhambra.  Other  developed  hot  springs  were  noted  at  the  Broadwater 
Athletic  Club  along  lower  Tenmile  Creek,  and  just  downstream  at  a  local  residence  (outdoor  pool). 
Thermal  springs  may  contribute  to  temperature  impairments  for  coldwater  aquatic  life  and  may  contain 
metals  and  other  chemical  contaminants. 

The  presence  of  constructed  dams  on  lower  Prickly  Pear  Creek  at  the  ASARCO  smelter  facility  and  on 
the  Missouri  River  at  Hauser  Dam  created  other  types  of  problems.  The  ASARCO  Dam  just  above  East 
Helena  on  Prickly  Pear  segment  MT41I006040  and  associated  industrial  cooling  water  ponds  were 
thought  to  impair  fish  passage,  decrease  stream  gradient,  increase  the  level  of  channel  embeddedness,  and 
increase  water  temperatures  during  the  2003  field  visits.  Hauser  Dam  on  the  Missouri  River  is 
responsible  for  the  creation  of  Lake  Helena  and  its  operation  controls  water  levels  and  hydraulic  residence 
times  in  the  lake.  "Flow  between  Hauser  Lake  and  Lake  Helena  depends  on  the  level  of  Hauser  Lake, 
which  is  controlled  for  power  generation,  relative  to  the  level  of  Lake  Helena.  Although  the  net  flow 
direction  is  from  Lake  Helena  to  Hauser  Lake,  flow  temporarily  reverses  direction  almost  daily"  (Kendy 
et.  al  1998,  p.  10).  Therefore,  in  addition  to  receiving  waters  from  all  the  streams  draining  the  Lake 
Helena  watershed.  Lake  Helena  often  receives  inflows  from  the  greater  Missouri  River/Hauser  Reservoir 
system. 


Source  Assessment  C-23 


Lake  Helena  Watershed  Planning  Area 


Appendix  C 


E    o. 


o 


D. 

D 


o 

o 


3 


m 

en 

c/l 


O 

GO 

o 

I 


C3 

1)     Co 

u   •  — 


c 

'5 
c 

Q 


03 


IS 


4  Ph    S 

03  T^   t2 

c  +2  fl 

t>  -C  o 

o  §  ^ 

j=  .2  o 

a  |  -S 

a  £  * 

rt  —  ^-> 

"S  £  2 

1  g  £ 

&*  —  ° 

•°  ^3  "2 

—  — 

E  Z  < 

C  b  ° 

o  .-2  -fi 

S  J  CL 

S  03  •  — 

■2  c  c 

00  03  03 

*?  5  S 

u  ^  2 


C/3 

c 


41     (U  » 

u  u  £ 

3    !a  Ss 

M  g  -9 

b  on  2 


C-24 


Source  Assessment 


Appendix  C 


Lake  Helena  Watershed  Planning  Area 


o 

o 

o 
o 

o 
o 

o 
o 

o 
o 

o 

o 

o 
o 

o 
o 

o 

o 

o 
o 

o 
o 

o 
o 

■st 

GO 

D 

o 
o 
o 

fN 


03 
o 

Pi 


03 


GO 

5 


5 

C/3 

u 

03 

■5? 

£ 

a 

< 

3 

H 

00 

e 

S 

1          I 

o        *i 

'3 

ci 

3 

oS 

_i        — 

03 

m 

t/2 

■a 

C3 

cu 

y^ 

o 

J 

| 

■ 

Q 

2 

a. 

j^ 

H 

£ 

E 

(3 

3 

c 

,— T 

u 

u 

5 

f— 

a> 

"o 

a 

ffi 

en 

D. 

03 

GO 
3 

^O 

u 

03 

.3 

C 

l-i 

P 

C 

,o 

CL 

'  ^ 

'•+- 

u 

•a 

CD 

a 

0) 

Crt 

o 

CL 

3 

U 

03 

o 

o 

& 

-J 

x> 

ci 

3 

GO 

13 

>> 

— 

3 

X> 

03 

03 

u 

Cu 

c/3 

•a 

2 

2 

03 

o 

b 

o 

cu 

03      in 

£  ,8 

o 

1- 

IZ) 

i-J  fa 

a. 

o 

a  c^ 

D 

«  w 

GO    O 

2 

03    [— i 

a  2 

+5       03 

. 

3      <U 

n 

°   3 

U 

2  m 

0) 

jj    s2 

>- 

O     3 

3 

C     t« 

D£ 

3     3 
O     1> 

fa    GO    U 


Source  Assessment 


C-25 


Lake  Helena  Watershed  Planning  Area 


Appendix  C 


nrnr 


A \ 


; 
: 

_ 

e 
o 

S 

sand 

sand 

quartz    latite 

d  io  rite 

s  i  1 1  s  l  o  n  e 

sandstone 

minor    inlcrbcdded    sedimentary    rocks 

lim  c  s  to  n  e 

shale 

calcareous  shale 

lim  eslonc 

some   red    beds 

sandy   shale 

argillaceous   limestone 

sandy   or  quartzitic   argillitc 

locally  q  u  a  r tz  i tc 

u 

z 

— 

silt 

gravel 

lalilc 

quartz    monzonilc 

shale 

conglom  crate 

intermediate   flows   and   pyroclastic   rocks 

q  u  a  rtz  i  te 

sandstone 

carbonaceous   shale 

shale 

shale 

argillaceous   shale 

lim  estone 

argillitc 

shale 

B 
M 

— 

A  lluvium 

Tertiary   sedimentary   rocks,  undifferentiated 

Tertiary   volcanic    rocks 

Boulder  balholilh    and    broadly    related    rocks 

Colorado    shale 

Kooienia    formation    and    associated    rocks 

Cretaceous   volcanic   rocks 

Pcnnsy  Ivanian.  undifferentiated 

M    i  s  s  i  s  s  ip  p  i  a  n  ,   undifferentiated 

Devonian,  und  iffe  re  n  tia  te  d 

Cambrian,   undifferentiated 

Belt  Scries   -   Empire   shale 

Belt  Series   -  Grcyson    shale 

Belt   Series    •    Helena    limestone 

Belt   Scries   -   M  issoula    group 

Belt   Series    -    Spokane    shale 

O'HHr-ri^^UlC.SQ^.     c    a.    c    c    c 

D    =  ! 


a 

m 

5 


(j 

CO 

O 
O 
O 

O 

o 


<L> 

5 
| 


■a 

co 

~co 

3 
«     P 

<  a 

gpts 

.9   in' 
9  "C 

5.   5 


f— '  t> 

S  ^ 

ej  C 

PC  .2 

•*  p 

CO  P 


u 


eg 

s 


a  u 

.3  u 

T3  3 

O  O 

J=  CO 

co  O 

-fa-  __ 

3  es 

■2,  ^ 


^P 

so  S 
£  m 

8  ra 
o  I 

I— 

**   5 

—    a    O 
3    h  "p 

.2P§  8 
b  co  a 


C-26 


Source  Assessment 


Appendix  C Lake  Helena  Watershed  Planning  Area 


C.4.1  Patterns  of  Impairment 

The  following  descriptions  of  spatial  patterns  of  pollution  sources  in  the  Lake  Helena  TPA  are  broad 
generalizations  meant  to  reflect  issues  of  concern  associated  with  common  geographic  characteristics. 
These  characteristics  include  topography,  land  ownership,  and  geology. 

Topographically,  the  Lake  Helena  TPA  can  be  broken  into  three  regions:  mountain,  mountain  front,  and 
valley  areas  (Figure  5).  In  mountainous  areas,  prevalent  pollution  sources  affecting  the  listed  stream 
segments  were  associated  with  unpaved  roads,  road  placement,  and  abandoned  mines.  Usually,  increased 
sediment  was  generated  from  unpaved  roads  and  delivered  to  the  listed  streams.  Road  development 
adjacent  to  listed  streams  generally  resulted  in  stream  channelization  and  the  loss  of  riparian  buffer  areas. 
Abandoned  hard  rock  mines  were  common  sources  of  acid  mine  drainage  and  contaminated  sediments 
(mine  and  mill  tailings,  waste  rock).  Some  mountain-area  stream  channels  were  incised,  widened, 
channelized,  or  dammed  by  former  placer  and  hard  rock  mining  and  milling  activity. 

Impairment  sources  affecting  the  mountain  front  and  valley  stream  segments  were  more  numerous  and 
pronounced  than  those  observed  in  the  mountainous  areas.  In  the  valley  areas,  there  are  more  lands 
available  for  development,  and  pollution  sources  tend  to  be  cumulative  and/or  more  complex.  Paved  and 
unpaved  roads,  stream  channelization,  stream  bank  alterations,  hydromodification,  floodplain 
development,  and  loss  of  riparian  vegetation  are  common  sources  of  concern  for  the  303(d)-listed 
segments  within  the  mountain  front  and  valley  areas  of  the  Lake  Helena  TPA.  Some  of  the  mechanisms 
of  effect  by  which  these  sources  contribute  to  water  quality  impairment  are  described  below: 

•  Impermeable  road  surfaces  can  cause  increased  runoff  to  streams,  which  in  turn  can  introduce 
pollutants.  Road  maintenance,  such  as  sanding,  salting,  and  grading,  adds  to  the  pollution  sources 
available  for  runoff.  Road  construction  adjacent  to  listed  streams  typically  results  in  loss  of 
riparian  buffer  areas,  stream  channelization,  and/or  bank  alterations  including  riprap,  dikes  and 
bridges. 

•  Stream  channelization  changes  channel  form  and  can  have  negative  consequences  to  fish  habitat 
components  (pools,  riffles,  and  undercut  banks).  During  high  flow  events,  channelized  streams 
are  unable  to  effectively  dissipate  energy,  which  can  result  in  destabilization  of  stream  banks.  A 
common  response  to  destabilized  stream  banks  is  to  riprap  or  armor  stream  eroding  areas.  Riprap 
may  stabilize  a  bank  at  a  particular  spot,  but  usually  sends  increased  stream  energy  downstream 
where  perhaps  even  worse  damage  may  occur.  Riprap  may  also  prevent  a  stream  from  accessing 
its  floodplain,  which  is  a  natural  mechanism  of  energy  dissipation  during  high  flow  events  and 
serves  to  replenish  soil  moisture  essential  to  riparian  vegetation. 

•  Hydromodification  resulting  from  water  diversions,  dams,  channel  incisement,  large  scale  placer 
or  hydraulic  mining,  and  other  alterations  of  a  watershed  hydrology  can  affect  sediment  transport, 
dilution  of  contaminants,  water  temperatures,  fish  habitat,  and  riparian  vegetation  communities. 
Although  irrigation  return  flows  add  water  back  to  stream  systems,  often  the  water  quality  is  poor 
due  to  the  addition  of  contaminants  such  as  sediment,  nutrients,  heat,  and  possibly  pesticides  and 
herbicides. 

•  Development  activities  within  floodplains,  besides  a  potential  safety  risk,  can  have  negative 
consequences  for  streams.  Residential  development  in  the  floodplain  can  lead  to  increased 
delivery  of  pollutants  to  streams.  Residential  runoff  can  be  contaminated  with  sediment,  lawn 
fertilizers,  and  household  chemicals.  Septic  systems  can  be  sources  of  contamination  to  streams 
if  flood  waters  intercept  a  septic  drain  field,  or  if  the  system  is  improperly  designed  and 
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maintained.  Property  owners  may  operate  wells  (residential,  industrial,  municipal,  and 
agricultural)  in  or  near  the  floodplain.  The  wells  may  be  hydraulically  connected  to  surface 
water,  and  may  influence  stream  flows  or  ground  water  discharges  to  streams.  Well  pumping  can 
also  cause  contaminated  surface  water  to  enter  the  ground  water.  In  addition,  property  owners 
may  choose  to  remove  riparian  vegetation  for  landscaping  purposes,  which  can  lead  to  stream 
bank  destabilization  and  associated  problems. 

•      Loss  of  riparian  vegetation  can  result  from  livestock  browsing  and  bank  trampling,  road 

construction  near  the  streams,  contaminated  soils  that  prevent  vegetative  growth,  and  removal  for 
agricultural  or  aesthetic  purposes.  Riparian  vegetation  plays  an  important  role  in  the  maintenance 
of  stream  banks,  water  quality,  stream  flows,  and  fish  habitat.  During  bank  overflow  events,  the 
roughness  of  riparian  vegetation  serves  to  dissipate  stream  energy,  and  the  roots  of  woody  species 
help  stabilize  the  bank.  During  runoff  events,  riparian  vegetation  can  act  as  a  filter  by  trapping 
and  absorbing  contaminants  before  they  reach  the  stream.  Riparian  vegetation  also  provides 
shade,  reduces  solar  inputs  and  maintains  cool  water  temperatures,  and  provides  cover  for  fish 
and  other  aquatic  organisms.  Stream  channel  incisement,  which  can  stem  from  riparian 
degradation,  may  alter  alluvial  aquifers  and  stream  flows. 

The  impairment  sources  and  mechanisms  of  effect  listed  above  affect  both  public  and  private  lands  within 
the  Lake  Helena  watershed  (Figure  6).  The  Helena  National  Forest  and  Bureau  of  Land  Management  are 
the  largest  public  land  management  agencies  in  the  Lake  Helena  TPA,  respectively.  The  most  common 
pollution  sources  identified  on  public  lands  were,  in  order  of  significance,  unpaved  road  runoff, 
abandoned  mines  (including  acid  mine  drainage,  mine  waste,  and  channel  alterations),  and  riparian 
grazing  impacts.  The  most  frequently  observed  sources  affecting  privately  owned  portions  of  the 
watershed  were,  in  order  of  significance,  hydromodification  (irrigation  diversions/water  transfers/return 
flows),  loss  of  riparian  vegetation,  road  runoff,  stream  channelization,  riparian  grazing  impacts,  and  active 
and  abandoned  mines  (including  acid  mine  drainage,  mine  waste,  and  channel  alterations). 

Geological  influences  in  the  Lake  Helena  TPA  are  significant  regardless  of  land  ownership.  Geology  in 
the  area  is  diverse,  with  formations  ranging  in  age  from  the  recent  Holocene  to  the  Precambrian  (over  500 
million  years  ago).  However,  the  Boulder  Batholith  formation  accounts  for  almost  half  of  all  the  rock 
types  present  in  the  Lake  Helena  TPA  (Figures  4  and  7).  The  granitic  geology  of  the  Boulder  Batholith 
(TKb)  and  associated  rock  formations  appear  to  create  a  pattern  of  excessive  coarse  sediment  deposition. 
TKb  is  generally  found  in  the  sub-watersheds  of  Prickly  Pear  Creek,  upper  Tenmile  Creek,  and  Jennies 
Fork.  In  addition  to  the  highly  erosive  nature  of  these  rock  formations,  the  geology  is  associated  with  the 
presence  of  hard  rock  mines.  During  the  formation  of  these  intrusive  igneous  rocks  many  minerals  were 
produced,  which  later  led  to  mining  development.  In  general,  the  listed  streams  found  in  this  geology 
have  high  sediment  loads,  especially  bed  load.  Furthermore,  many  of  the  303(d)-listed  stream  segments 
within  the  TKb  have  been  affected  by  metals,  acid,  sediment,  and  channel  and  bank  alterations  resulting 
from  mining. 
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C.4.2  Potential  Future  Sources  of  Impairment 

Foreseeable  future  impacts  encompass  a  range  of  issues  mostly  related  to  suburban  development.    The 
valley  stream  segments  of  lower  Tcnmile,  lower  Prickly  Pear,  lower  Silver  and  Sevenmile  creeks,  the 
Lake  Helena  area,  and  the  mountain  front  stream  segments  of  upper  Prickly  Pear,  upper  Tenmile,  Spring, 
Corbin,  Warm  Springs,  and  Clancy  creeks,  and  Lump  and  Skelly  Gulches  are  likely  to  see  continuing 
increases  in  residential  home  site  development  if  current  trends  continue.  Lewis  and  Clark  and  Jefferson 
Counties  have  seen  average  population  growth  rates  of  20  and  25  percent,  respectively,  since  1980  (MT 
DOC  2003).  From  1900  to  2000,  Lewis  and  Clark  County  has  seen  a  191  percent  overall  increase  in 
population,  while  Jefferson  County  has  seen  an  89  percent  increase  (MT  DOC  2003). 

According  to  the  recently  adopted  Lewis  and  Clark  County  Growth  Policy,  "the  Helena  Valley  is  the 
primary  population  center  and  economic  hub  for  Lewis  and  Clark  County,  and  northern  Jefferson  and 
Broadwater  Counties.  The  Valley  continues  to  encompass  the  largest  percentage  of  County  population 
and  growth.  The  majority  of  the  growth  is  occurring  in  unincorporated  areas  within  the  Valley"  (Lewis 
and  Clark  County  2004a,  Executive  Summary,  p.  3).  A  similar  pattern  was  noted  in  the  growth  policy  for 
Jefferson  County,  which  encompasses  the  southern  third  of  the  Lake  Helena  TPA.  "[The  growth]  is  most 
apparent  in  the  northern  section  of  the  county  where  the  communities  of  Clancy,  Montana  City,  and 
Jefferson  City  have  shown  the  most  dramatic  increase  in  population  and  subsequent  residential 
subdivision"  (Jefferson  County  2003,  p.  4). 

Many  of  these  new  homes  are  serviced  by  individual  wells  and  on-site  septic  systems  (Figure  8).  Possible 
reduction  in  the  amount  of  ground  water  discharge  to  streams,  and  an  increase  in  nutrient  loading  from 
septic  leachate  are  potential  negative  impacts  to  surface  water  quality.  New  roads  must  be  constructed  to 
service  unincorporated  residential  development.  Channelization  of  streams  due  to  construction  of 
roadbeds,  culverts,  and  bridges  disrupts  a  stream's  natural  system  of  energy  dissipation  and  can  lead  to 
unpredictable  flooding  and  changes  in  channel  form.  Increases  in  impervious  surfaces  facilitate  storm 
water  runoff  and  can  introduce  pollutants  where  inadequate  riparian  buffers  exist  to  provide  filtration. 
Natural  riparian  areas  may  also  suffer  where  stream  front  development  occurs,  especially  where  livestock 
are  present  on  small  parcels. 

Although  the  City  of  Helena  has  plans  to  annex  outlying  portions  of  the  area  and  to  provide  public  water 
and  sewer  services,  the  capacity  of  the  current  systems  have  limitations.  Currently,  the  city  has  plans  to 
bring  most  areas  within  a  1-mile  radius  of  the  city  limits  onto  municipal  water  and  sewer  supplies  (Figure 
9).  However,  this  excludes  many  portions  of  the  Helena  Valley,  including  densely  subdivided  lands  and 
private  agricultural  areas  that  are  prime  targets  for  future  residential  development.  Both  Lewis  and  Clark 
and  Jefferson  counties  hope  to  maintain  "the  rural  character"  of  their  counties.  Both  counties'  growth 
policies  plan  to  encourage  future  development  in  areas  that  have  already  been  developed,  and  where 
community  water  and  sewer  systems  are  already  in  place.  However,  encouragement  can  only  go  so  far 
and  without  adequate  incentives  or  more  stringent  regulations,  water  quality  and  riparian  integrity  of 
streams  in  the  Lake  Helena  watershed  are  likely  to  continue  to  be  impacted  by  rapid  suburban 
development. 
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C.4.3  Recommendations  for  Further  Study 

Stream  dewatering  is  a  common  problem  in  many  of  the  303(d)-listed  segments  in  the  Lake  Helena  TPA. 
Reaches  of  Prickly  Pear,  Spring,  Corbin,  North  Fork  of  Warm  Springs,  Tenmile,  Sevenmilc,  and  Silver 
creeks  were  observed  to  be  dry  or  at  a  critically  low  stage  of  flow  during  the  summer  of  2003.  A  detailed 
hydrologic  evaluation  and  water  balance  study  is  needed  to  decipher  the  causes  of  dewatering  and  to 
identify  ways  to  optimize  instream  flows  and  all  beneficial  water  uses  during  critical  periods  of  the  year. 

In  2003,  the  U.S.  Geological  Survey  in  cooperation  with  the  Lower  Tenmile  Watershed  Group  initiated  a 
flow  study  on  the  lower  portion  of  Tenmile  Creek.  The  group  is  looking  into  the  possibility  of  purchasing 
instream  water  rights  to  help  maintain  stream  flows.  This  past  summer,  lower  Tenmile  Creek  was 
surveyed  by  field  crews  with  GPS  units.  The  location  of  gaining  and  losing  reaches,  irrigation  diversions 
and  return  flows,  major  stream  bank  alterations,  major  sediment  inputs,  and  weed  infestations  were 
documented.  More  work  of  this  nature  is  needed  for  flow-impaired  streams  in  the  Lake  Helena  TPA. 

Chronic  stream  dewatering  and  other  hydrologic  modifications  can  be  associated  with  channel  alterations 
resulting  from  placer  mining,  agricultural  activities,  road  construction,  and  other  land  uses.  Incised 
stream  channels  can  reduce  groundwater  elevations  of  alluvial  aquifers  and  reduce  the  amount  of  moisture 
available  to  riparian  vegetation.  Channel  alterations  and  loss  of  riparian  vegetation  are  common  features 
along  many  of  the  303(d)-listed  stream  segments  in  the  Lake  Helena  TPA.  A  thorough  evaluation  of 
these  problems  is  needed,  and  their  influences  on  water  quality  and  aquatic  habitat. 
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Land  Ownership  and  Inventoried  Plat  Divisions  in  the  Lake  Helena  TMDL  PLanning  Area 
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Figure  C-9.  City-county  planning  areas  and  land  subdivision  in  the  Lake  Helena  TPA. 
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In  addition  to  the  recommended  hydrologie  budget  and  channel  alteration  studies,  road  sediment  studies 
should  be  conducted  for  state,  county,  and  private  road  courses  along  303(d)-listed  streams,  especially 
unpaved  roads.  In  the  summer  of  2003,  the  Helena  National  Forest  conducted  road  sediment  surveys  for 
many  forest  roads  adjacent  to  303(d)-listed  stream  segments  within  the  Lake  Helena  TPA.  The  data  were 
used  to  compute  sediment  loads  to  the  streams  using  the  WEPP  road  sediment  model  (USDA  2004b). 
The  information  will  be  used  to  prioritize  road  improvement  projects  on  the  Helena  National  Forest. 

An  investigation  is  also  warranted  of  the  effects  of  natural  hot  springs  on  water  quality  along  Warm 
Springs  and  lower  Tenmile  Creeks.  In  addition  to  elevating  water  temperatures,  hot  springs  may  contain 
chemical  contaminants  such  as  metals.  TMDL  pollutant  allocations  will  need  to  reserve  loads  for  these 
natural  sources. 

Finally,  education  is  vital  for  landowners  living  near  streams  and  within  natural  floodplains.  Using  the 
Lewis  and  Clark  County  FEMA  flood  maps  and  street  address  GIS  layers,  approximately  350  addresses 
were  located  within  the  1 00-year  floodplain  and  floodway  zones,  an  additional  809  structures  were 
located  in  the  500-year  floodplain,  while  another  665  structures  were  located  within  Zone  C  (Lewis  and 
Clark  County  2004b).  These  structures  account  for  about  20  percent  of  all  the  structures  mapped  in  Lewis 
and  Clark  County.  (Note:  While  Zone  C  is  not  officially  considered  to  be  a  part  of  the  active  floodplain, 
it  includes  25  percent  of  the  flood  loss  claims  reported  in  the  county).  Similar  data  were  not  available  for 
the  Jefferson  County  portion  of  the  Lake  Helena  TPA. 

Landowners  living  in  these  areas  need  to  be  aware  of  the  risks  involved  with  living  in  flood  prone  areas, 
and  actions  that  can  be  taken  on  their  part  to  mitigate  damaging  impacts  to  streams  and  water  quality. 
This  will  become  increasingly  important  as  suburban  development  continues  in  riparian  areas.  Watershed 
groups  are  an  effective  means  of  informing  citizens  and  generating  landowner  participation.  Currently, 
only  the  upper  and  lower  Tenmile  watersheds  have  organized  watershed  groups,  but  plans  are  in  the 
works  to  establish  a  Prickly  Pear  watershed  group. 
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Source  Assessment  Part  2: 
GPS  Source  Assessment  Data  Dictionary 
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SITEID  -  This  is  a  text  field  for  the  unique  id  of  each  position  collected  (something  like  PPS1  would  be 
appropriate  for  Prickly  Pear  sediment  site  1 ). 


Impacts  (up 

to  10  Sources)  -  These  are  dropdown  tab 

Type 

Description 

ACF 

Animal  confinement  lots 

ADT 

Adit  discharge 

BIMP_RR 

Bank  impairment,  rip  rap 

BIMP_TR 

Bank  impairment,  trampling 

BIMP_TW 

Bank  impairment,  trash/waste  dump 

BIMP_VR 

Bank  impairment,  vegetation  removal 

BP_EXC 

Borrow  Pit,  Excavation 

CFD 

Cultivated  fields 

CHNL_ER 

Channel  impairment,  eroding  banks 

CHNLJN 

Channel  impairment,  incisement 

CLVT_PRB 

Problem  Culvert 

CNB 

Construction  building  site 

CNE 

Construction  excavation  site 

CSTR_F 

Forest/BLM  (etc.)  road  construction 

CSTR_R 

Rural  road  construction 

CSTR_S 

Subdivision  road  construction 

CSTR_U 

Urban  road  construction 

DSB 

Dry  Stream  Bed 

EGOL 

Highly  erosive  rocks 

ERO_CF 

Cut/Fill  slope  erosion 

ERO_T 

Tread  erosion 

ESOL 

Highly  erosive  soils 

GZP 

Grazing  Pasture 

IRR  DIV 

Irrigation  diversion 

IRR_RET 

Irrigation  return  flow 

MDP 

Mine  dump/tailings  pile 

MNT_BR 

Bridge  maintenance 

MNT_GN 

General  maintenance 

MNT_SW 

Snow  maintenance 

NXW 

Noxious  Weeds 

OTH 

Other 

OVRGZP 

Over  Grazed  Pasture 

RDC_ALG 

Road  Crossing/  Alignment 

SEDDV 

Sediment  Delivery  Point 

SFRD 

Stream  Ford 

SMP 

Suspected  mine  seepage 

SRALT_CH 

Stream  alteration,  channelization 

SRALT_D 

Stream  ateration,  dike/dam 

WW_SPD 

Discharge  from  septic  drainfield 

es  from  which  to  choose: 
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Type                              Description 

|WW_STF     Discharge  from  sewage  treatment  facility| 

WW_SWD    Discharge  from  storm  water  drain 

Severity  -  This  applies  to  the  severity  of  stream  impacts 


Low 


Med 


High 


Source  Category  -  This  is  a  dropdown  table  from  which  to  choose: 


RDS  Road  related  potential  pollution  sources 


NAT  Natural  related  potential  pollution  sources 


DOM  Domestic  waste  related  potential  pollution  sources 


AG     Ag  related  potential  pollution  sources 


MIN  jMining  related  potential  pollution  sources 


MIX    Mix  of  any  of  the  above  related  potential  pollution  sources 


Metals  Cause 
Nutrients  Cause 
Sediment  Cause 


These  are  dropdown  tables  from  which  to  choose: 

Y 

Yes 

N 

No 

UNK 

Unknown 

NA 

Not  Applicable 

Comments  -  This  is  a  text  field  limited  to  100  characters  and  is  intended  for  further  descriptors,  such  as, 
estimating  sizes  for  points 
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Lake  Helena  TMDL  Planning  Area:  Simplified  Source  Assessment  Key 

Symbol 

Description 

ABM 

Abandoned  Mining  (Hardrock  and  Placer)  -  includes  acid  mine  drainage;  mine,  mill, 
and  placer  tailings;  and  mining  remnants  in  the  stream  and  floodplain  (walls,  dams, 
equipment,  etc.) 

AG 

Agricultural/Crop  Production  -  non-point  source  runoff 

FR-H 

Flow  Regulation/Hydromodification  -  includes  water  diversions;  interbasin  transfers; 
return  flows;  and  disruptions  of  the  natural  hydrology  due  to  channel  modifications 
(placer  mining,  channel  reclamation) 

GZ-L 

Grazing/Livestock  -  includes  trampled  banks;  riparian  degradation;  confined  feeding 
operations;  and  animal  wastes 

IND 

Industrial  -  includes  point  source  discharges  and  construction  activities  related  to 
industry 

MUN 

Municipal  -  includes  municipal  point  source  discharges;  storm  runoff,  and  activities 
related  to  municipal  use 

NAT 

Natural  Sources  -  includes  erosive  soils  and  geology;  fire  effects;  hot  springs;  beaver 
dams;  and  dams  installed  before  1971 

RDM 

Road,  Highway,  Bridge  Construction  and  Maintenance  -  includes  sediment  delivery; 
channel  encroachment;  stream  channelization;  and  bank  alterations  resulting  from 
roads,  highways,  and  bridges 

S-LD 

Subdivisions/Land  Development  -  includes  storm  runoff;  riparian  degradation; 
channel  encroachment;  bank  and  channel  alterations;  and  the  potential  for  nutrient 
and  septic  waste  contamination  resulting  from  land  development 
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Prickly  Pear  Creek  and  Lake  Helena  Subwatersheds 

Segment  Name 

Segment  ID 

2003  Surveyed  Sources                Source  Present:  X     Major 
Source:  X 

A 
B 
M 

A 
G 

F 
R- 
H 

G 

z- 

L 

I 

N 
D 

M 
U 
N 

N 
A 

T 

R 
D 

M 

s- 

L 
D 

Prickly  Pear  Creek 

MT411006_060 

X 

X 

X 

X 

X 

X 

Prickly  Pear  Creek 

MT411006_050 

X 

X 

X 

X 

X 

X 

Prickly  Pear  Creek 

MT411006_040 

X 

X 

X 

X 

X 

X 

X 

Prickly  Pear  Creek 

MT411006_030 

X 

X 

X 

X 

X 

X 

X 

X 

Prickly  Pear  Creek 

MT411006_020 

X 

X 

X 

X 

X 

X 

X 

X 

Golconda  Creek 

MT411006_070 

X 

X 

X 

X 

Corbin  Creek 

MT411006_090 

X 

X 

X 

X 

X 

X 

Spring  Creek 

MT411006_080 

X 

X 

X 

X 

X 

X 

Middle  Fork  Warm  Springs 
Creek 

MT411006_100 

X 

X 

X 

X 

North  Fork  Warm  Springs 
Creek 

MT411006_180 

X 

X 

X 

X 

X 

Warm  Springs  Creek 

MT411006_110 

X 

X 

X 

X 

X 

X 

Clancy  Creek 

MT411006J20 

X 

X 

X 

X 

X 

X 

X 

Lump  Gulch 

MT411006J30 

X 

X 

X 

X 

X 

X 

X 

Jackson  Creek 

MT41I006J90 

X 

X 

Lake  Helena 

MT411007_010 

X 

X 

X 

X 

X 

X 

Tenmile  Creek  Subwatershed 


Segment  Name 

Segment  ID 

2003  Surveyed  Sources              Source  Present:  X     Major 
Source:  X 

A 

B 

M 

A 
G 

F 
R- 
H 

G 
Z- 

L 

1 

N 
D 

M 
U 
N 

N 
A 

T 

R 
D 
M 

S- 

L 
D 

Tenmile  Creek 

MT41I006J41 

X 

X 

X 

X 

Tenmile  Creek 

MT41I006_142 

X 

X 

X 

X 

X 

Tenmile  Creek 

MT41I006J43 

X 

X 

X 

X 

X 

X 

X 

X 

Skelly  Gulch 

MT41I006_220 

X 

X 

X 

X 

X 

Sevenmile  Creek 

MT41I006J60 

X 

X 

X 

X 

X 

X 

X 

X 
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Silver  Creek  Subwal 

ershed 

Segment  Name 

Segment  ID 

2003  Surveyed  Sources              Source  Present:  X     Major 
Source:  X 

A 

B 
M 

A 
G 

F 
R- 
H 

G 

Z- 
L 

I 

N 
D 

M 
U 
N 

N 
A 

T 

R 
D 

M 

s- 

L 
D 

Jennies  Fork 

MT41I006_210 

X 

X 

X 

X 

X 

Silver  Creek 

MT41I006_150 

X 

X 

X 

X 

X 

X 

X 

X 
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Water  Chemistry  Data  for  Streams 
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Water  Chemistry  Data  for  Lake  Helena 


Table  9.  Total  Nitrogen 

Segment 
Name 

Listed 
Segment 

Station 
Number 

Agency 

Period  of 
Record 

#of 
Samples 

Mean 

TN 

(mg/L) 

MinTN 
(mg/L) 

MaxTN 
(mg/L) 

#of 
Exceedances 

Lake 
Helena 

MT4 11007 

120 

M09LHLNN01 

DEQ 

8/9/02 

1.48 

1 

M09LHLNW01 

DEQ 

8/9/02 

1.37 

M09LHLNE01 

DEQ 

8/9/02 

1.50 

M09LHLNE0I 

Land  and 

Water 

6/26-8/29/03 

2 

0.82 

0.65 

0.99 

M09LHLNS01 

DEQ 

8/9/02 

1.56 

Inflow 

PPL 

1/21/03 

0.942 

M09LHLNI0I 

(inflow) 

Land  and 
Water 

6/26-8/29/03 

2 

0.915 

0.87 

0.96 

2 

Outflow 

PPL 

1/21/03 

1 

0.546 

1 

M09LHLN001 

(outlet) 

Land  and 
Water 

6/26/-8/29/03 

2 

0.87 

0.8 

0.94 

2 

M09LHLNC01 

Land  and 
Water 

6/26/-8/29/03 

2 

0.85 

0.71 

0.99 

2 

Table  10.  Total  Phosphorus 

Segment 

Name 

Listed  Segment 

Station 
Number 

Agency 

Period  of 
Record 

#of 
Samples 

Mean  TP 
(mg/L) 

MinTP 

(mg/L) 

MaxTP 

(mg/L) 

#  of  Exceedances 

Lake 
Helena 

MT411007J20 

M09LHLNN01 

DEQ 

8/9/02 

(i  174 

1 

M09LHLNW01 

DEQ 

8/9/02 

0.140 

1 

M09LHLNE01 

DEQ 

8/9/02 

0.154 

1 

M09LHLNE01 

Land  and 
Water 

6/26/- 
8/29/03 

2 

0.221 

0.064 

0.377 

2 

M09LHLNS01 

DEQ 

8/9/02 

0.151 

1 

Inflow 

PPL 

1/21/03 

0.12 

1 

M09LHLNI01 
(inlet) 

Land  and 
Water 

6/26/- 
8/29/03 

2 

0.162 

0.019 

0.305 

2 

Outflow 

PPL 

1/21/03 

1 

0.10 

1 

M09LHLN001 
(outlet) 

Land  and 
Water 

6/26/- 

8/29/03 

■j 

0.218 

0.080 

0.355 

2 

M09LHLNC01 

Land  and 
Water 

6/26/- 
8/29/03 

2 

0.234 

0.091 

0.377 

2 

Supplemental  Indicators  for  Lake  Helena 


Table  11.  Total  Nitrite  and  Nitrate 

Nitrogen 

Segment 
Name 

Listed 
Segment 

Station 

Number 

Agency 

Period  of 
Record 

#of 
Samples 

Mean  N 
(mg/L) 

MinN 
(mg/L) 

Max  N 
(mg/L) 

#of 
Exceedances 

Lake 
Helena 

MT4 11007 
120 

M09LHLNE0 

1 

Land  and  Water 

6/26-8/29/03 

2 

0.04 

0.02 

0.06 

1 

M09LHLNI01 
(inflow) 

Land  and  Water 

6/26-8/29/03 

2 

0.18 

0.01 

0.35 

1 

M09LHLN00 
1  (outlet) 

Land  and  Water 

6/26/-8/29/03 

2 

0.04 

0.02 

0.06 

1 

M09LHLNC0 

1 

Land  and  Water 

6/26/-8/29/03 

2 

0.045 

0.02 

0.07 

1 

Table  12.  Total  Ammonia  Nitrogen 

Segment 
Name 

Listed  Segment 

Station 
Number 

Agency 

Period  of 
Record 

#of 

Samples 

Mean 
(mg/L) 

Min 
(mg/L) 

Max 

(mg/L) 

#  of  Exceedances 

Lake 
Helena 

MT411007_120 

M09LHLNE01 

Land  and 
Water 

6/26/- 

8/29/03 

2 

0.05 

0.04 

0.06 

0 

M09LHLNI01 
(inlet) 

Land  and 
Water 

6/26/- 

8/29/03 

1 

0.14 

0 

M09LHLN001 
(outlet) 

Land  and 
Water 

6/26/- 
8/29/03 

2 

0.08 

0.07 

0.09 

0 

M09LHLNC01 

Land  and 
Water 

6/26/- 

8/29/03 

2 

0.045 

0.04 

0.05 

0 

Table  13.  Chlorophyll  a 

Segment 
Name 

Listed  Segment 

Station  Number 

Agency 

Period  of 
Record 

#of 
Samples 

Mean 
Clora 
(mg/L) 

Min 

Clora 

(mg/L) 

Max 
Chlor  a 
(mg/L) 

#of  Exceedances 

Lake 
Helena 

MT411007J20 

M09LHLNN01 

DEQ 

8/9/02 

1 

0.114 

1 

M09LHLNW01 

DEQ 

S  'i  02 

1 

0.057 

1 

M09LHLNE01 

DEQ 

8/9/02 

1 

0.093 

1 

M09LHLNE01 

Land  and 
Water 

6/26/- 
8/29/03 

2 

<0.11 

<0.01 

0.012 

1 

M09LHLNS01 

DEQ 

s  'i  02 

1 

0.095 

1 

M09LHLN10I 
(inlet) 

Land  and 
Water 

6/26/- 

8/29/03 

2 

<0  012 

<0.01 

0.014 

1 

M09LHLN001 
(outlet) 

Land  and 
Water 

6/26/- 
8/29/03 

2 

<0.018 

<0.01 

0.026 

1 

M09LHLNC01 

Land  and 
Water 

6/26/- 
8/29/03 

2 

<0.016 

<0.01 

0.022 

1 

Table  14.  Tem 

perature  Readings 

Segment 
Name 

Listed 
Segment 

Station 
Number 

Agency 

Period  of 
Record 

#of 
Readings 

Temperature 
Readings 

Min 

Temperature 

(F) 

Max 

Temperature 

(F) 

#of 
Exceedances 

Lake 
Helena 

MT411007 
120 

M09LHL 
NE01 

DFQ'I  and 
and  Water 

8/9/02-8/29/03 

18 

67-56  F 

56 

67 

0 

M09LHL. 
NC01 

DEQ/Land 
and  Water 

7/2/02-8/29/03 

49 

56-76F 

56 

76 

10 

Station  #3 

DEO 

7/2/02-8/23/03 

51 

57-72  F 

57 

72 

12 

M09LHL 
NT01 

Dl  O 

7/2/02-8/29/03 

24 

57-75  F 

57 

75 

6 

M09LHL 

NI01 
(inlet) 

Land  and 
Water 

6/26/-8/29/03 

2 

67-63 

67 

63 

0 

M09LHL 

N001 

(outlet) 

Land  and 
Water 

6/26/-8/29/03 

2 

66-61 

66 

61 

0 

M09LHL 
NS01 

DEO 

8/9/02 

4 

61 

61 

61 

0 

M09LHL 

NN01 

DEQ 

8/9/02 

4 

62-61 

62 

61 

0 

M09LHL 

NW01 

DEQ 

8/9/02 

3 

58 

58 

58 

0 

M09LHL 
NL01 

FWP 

7/2/02-8/29/03 

36 

56-78 

56 

78 

4 

(station 
#1) 

Temperatu 
re  logger 

FWP 

6/10/03- 
1  /24/04 

Once  per 
hour  from 
June  2003 
to  January 
2004 

31.88-81.44 

31.88 

81.84 

1682 

logger  was 
placed  3  feet 
below  the 
surface,  where 
depth  was  6 
feet  deep  in 
the  mid 
column 

Table  15.  Secchi  Disc  Readings 

Segment 
Name 

Listed 
Segment 

Station  Number 

Agency 

Period  of 
Record 

#of 
Readings 

Secchi  disc 
Readings  (ft) 

Notes 

Lake 
Helena 

MT41107J 
20 

M09LHLN101 
(inlet) 

FWP 

6/26/03- 
8/29/03 

2 

1.10-0.90 

Secchi  depth  taken  by  FWP  technician,  approx 
water  depth  4  ft  from  FWP  depth  reader 

M09LHLNC01 

FWP 

6/26/03- 
8/29/03 

2 

0.95-3  5 

Secchi  depth  taken  by  FWP  technician,  approx 
water  depth  7  ft  from  FWP  depth  reader 

M09LHLNE01 

FWP 

6/26/03- 
8/29/03 

2 

0.50-1.70 

Secchi  depth  taken  by  FWP  technician, 
approx  water  depth  2.5  ft  from  FWP  depth 
reader 

M09LHLN001 

(outlet) 

FWP 

6/26/03- 
8/29/03 

2 

1.0-1.10 

Secchi  depth  taken  by  FWP  technician, 
approx  water  depth  10-12  ft  from  FWP 
depth  reader 
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for  Surveyed  Streams 


Table  20.  24  Hour 

DO  Run  August  7th  and  8th,  2003 

SITE:  M09PKPRC01       Prickly  Pear 
(Olsen  Rd)  at  bridge  crossing 

above  Stansfield  Lake 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1015 

7.8 

12.5 

Flow  estimated  at  less  than  1  cfs 

1215 

8.8 

15.2 

groundwater  influence  evident 

1415 

9.1 

18.2 

Trout  fry  present  in  abundance 

1615 

8.9 

19.9 

Macrophytes,  filamentous  green  algae 
present 

1815 

8.2 

20.4 

2023 

6.4 

18.7 

2221 

5.1 

17.0 

D.O.  readings  stable 

0015 

4.6 

15.2 

D.O.  readings  stable,  trout  observed 

0215 

4.7 

13.8 

9  to  10"  trout  observed  by  flashlight 

0415 

5.0 

12.7 

0615 

5.3 

12.0 

Creek  is  dry  at  Canyon  Ferry  Road 

0814 

6.0 

1  1.8 

and  barely  running  at  York  Rd. 

1010 

7.5 

13.0 

Flow  at  Olsen  Rd  is  mostly 
groundwater/springs. 

SITE:  M09PKPRC02     Prickly  Pear  above  Tenmile  Creek  at  Sierra  Rd 
bridge. 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1030 

13.7 

15.1 

Slightly  tannin  stained  water.  Flow 
estimated  at  7  cfs. 

1230 

17.9 

18.3 

Heavy  filamentous  algae  and  diatom 
algae  present. 

1433 

19.1 

22.2 

1630 

16.1 

23.1 

Lots  of  minnows  present,  no  trout 
observed. 

1830 

13.7 

23.2 

2037 

7.7 

20.9 

Flow  appears  to  be  >  7  cfs  now. 

2234 

5.4 

18.7 

Stable  D.O.  readings. 

0030 

4.9 

17.7 

Stable  D.O.  readings. 

0230 

4.9 

16.7 

0430 

5.0 

15.8 

Tannin  stained  water,  lots  of 
periphyton. 

0630 

5.3 

15.1 

0825 

8.5 

15.0 

Flow  estimated  at  7  to  8  cfs. 

1025 

14.0 

16.6 

Weather  clear,  sunny,  warm  at  start  of  survey.  High  temp  of  93  (F)  forecast. 


SITE:  M09PKPRC05     Prickly  Pear  below  East  Helena 
private  ranch  access  road  bridge  just  below  Wylie  Drive 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1000 

9.2 

18.0 

Flow  estimated  at  3  cfs 

1200 

9.3 

21.2 

Heavy  filamentous  green  algae  in 
upstream  riffle 

1400 

9.0 

24.8 

Thunderheads  building  to  the  west. 
Breezy. 

1600 

8.6 

25.6 

Air  temp  at  3:45  pm  was  89(F), 
increasing  clouds. 

1800 

8.8 

25.4 

Hot  and  breezy,  clouds  dissipating. 

2000 

7.4 

23.3 

Readings  not  stable.  Hazy,  high  clouds. 

2200 

6.8 

21.7 

Readings  not  stable.  Hazy,  high  clouds. 

0000 

6.8 

20.2 

Readings  stable. 

0200 

7.2 

19.0 

Readings  stable. 

0400 

7.3 

18.1 

0600 

7.5 

17.4 

Dawn.  Light  enough  to  see  without 
light. 

0800 

8.6 

17.1 

Cloudless  sky,  light  breeze. 

0955 

9.9 

18.4 

SITE:  M09WSNFC02      North  Fork  Warm  Springs  abv  Middle  Fork 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1020 

7.8 

13.2 

Low  flow,  less  than  1  cfs. 

1220 

7.5 

14.2 

Very  little  algae  or  aquatic  plant 
growth. 

1420 

7.0 

16.8 

Some  mosses  about  bankfull. 

1620 

6.6 

17.4 

1820 

6.0 

16.2 

2020 

6.2 

15.5 

2220 

6.4 

14.8 

0020 

6.4 

14.3 

0220 

6.7 

13.8 

0420 

6.7 

13.4 

0620 

7.4 

13.0 

0820 

7.1 

12.8 

1020 

7.7 

13.2 

SITE:  M09WSNFC01      North  Fork  Warm  Springs  @  mouth 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1030 

7.8 

14.4 

Just  a  trickle  of  flow,  even  less  than 
upper  site,  walked  about  100  feet 
upstream  of  sample  site. 

1230 

7.5 

15.7 

1430 

6.8 

17.9 

Had  to  move  upstream  about  10  feet, 
flow  is  drying  out. 

1630 

6.4 

18.6 

1835 

6.6 

17.2 

Probe  error,  had  to  wait  for 
stabilization,  moved  upstream  about  3 
feet. 

2030 

6.7 

16.3 

2230 

6.8 

15.3 

0030 

6.4 

14.6 

0230 

6.9 

13.9 

0430 

6.9 

13.4 

0630 

7.2 

13.0 

0830 

6.8 

12.9 

1030 

7.8 

14.4 

SITE:  M09CLNCC 

:04     Cla 

ncy  Creel 

t  @  Clancy 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1000 

9.0 

12.9 

Clear,  cool  water,  good  flow  (about  3 
cfs),  algal  growth  present  but  not 
excessive. 

1200 

8.3 

15.5 

Warming  up,  sunny. 

1400 

7.8 

18.7 

1600 

7.4 

19.8 

Increasing  cloud  cover,  cooling  a  little. 

1800 

7.4 

19.7 

Clearing  weather,  still  warm. 

2000 

7.4 

18.4 

2200 

7.3 

16.7 

Dark,  cooling,  slightly  humid. 

0000 

7.7 

15.1 

0200 

8.3 

13.8 

Probe  acting  erratic. 

0400 

8.5 

12.9 

0600 

8.7 

12.1 

Daylight. 

0800 

8.6 

11.8 

0100 

9.1 

13.2 

SITE:  M09SPRGC 

"01      Spring  Creek  @  Jefferson  City 

Time 

DO 

(mg/L) 

Temp 

(C) 

Comments 

1103 

8.7 

12.5 

Had  to  move  way  upstream  for  flow  to 
just  below  mouth  of  Corbin  Creek(still 
dry)  46  22'  50.3"  and  1 12  03'  37.3". 

1300 

8.3 

14.4 

1500 

8.1 

15.2 

Storm  clouds  building  in  W,  increasing 
winds. 

1700 

8.1 

14.1 

Thunder,  clouds  passing  over,  no  rain. 

1900 

8.5 

12.0 

2100 

9.1 

10.9 

2300 

8.9 

10.4 

Mosses  in  stream  growing  along  edges 
and  browning  out,  algal  growth  present. 

0100 

9.0 

9.9 

0300 

9.4 

9.6 

0500 

9.2 

9.3 

0700 

9.0 

9.1 

0900 

9.2 

9.9 

1100 

8.9 

12.1 

Dissolved  Oxygen  and  Temperature  Graphs 
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Appendix  E:  GWLF/Bathtub  Modeling  for  Lake  Helena 


Appendix  E Lake  Helena  Watershed  Planning  Area 


E.1.0  GWLF  Modeling  Assumptions 

The  GWLF  model  was  chosen  to  simulate  loads  from  rural  and  urban  land  uses  in  the  watershed.  Values 
for  the  input  parameters  were  assigned  based  on  available  monitoring  data  or  on  default  parameters 
suggested  in  the  GWLF  User's  Manual  (Haith  et  al.,  1992).  This  section  summarizes  the  bases  for  the 
hydrologic,  erosion,  sedimentation,  and  nutrient  modeling  assumptions. 

K.I.I  Hydrologic  Input 

Hydrologic  parameters  for  the  GWLF  model  were  obtained  from  a  variety  of  sources.  The  Lake  Helena 
watershed  was  divided  into  four  subwatersheds  -  Prickly  Pear  Creek,  Silver  Creek,  Tenmile  Creek,  and 
Lake  Helena  Overland.  These  subwatersheds  were  delineated  using  available  stream  and  topographic 
information,  and  are  shown  in  Figure  E-l .  Land  use  and  land  cover  was  determined  using  MRLC  data 
and  aerial  photography,  and  the  data  are  summarized  in  Appendix  A.  The  MRLC  data,  collected  in  the 
early  1 990s,  was  modified  for  this  analysis  to  reflect  increasing  development  in  the  Lake  Helena 
watershed.  Low-density  residential  land  was  increased  by  1 7  percent  and  assumed  that  development 
occurred  primarily  on  pasture,  hay,  and  grassland. 

Information  about  irrigation  systems  and  irrigated  land  was  obtained  from  the  Helena  Valley  Irrigation 
district.  This  information  was  input  into  the  model  to  account  for  flow  withdrawals  and  irrigation  returns. 
Appendix  A  further  summarizes  the  irrigation  characteristics  of  the  Lake  Helena  watershed. 

Curve  numbers  for  each  land  use  were  based  on  the  STATSGO  soils  database  and  recommended  values 
in  the  GWLF  User's  Manual.  Table  E-l  lists  the  SCS  curve  numbers  for  the  land  uses  in  the  Lake  Helena 
Watershed.  Initial  estimates  of  soil  capacity,  river  recession,  evapotranspiration,  daylight  hours,  and 
rainfall  erosivity  were  also  based  on  the  GWLF  User's  Manual  with  some  minor  modifications  made 
during  model  calibration. 
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Table  E-l.  SCS  Curve  Numbers  for  Land  Uses  in  the  Lake  Helena  Watershed 


Land  Use 

Curve  Number 

Bare  Rock 

98 

Transitional 

60 

Deciduous  Forest 

55 

Evergreen  Forest 

60 

Shrubland 

48 

Grassland 

69 

Woody  Wetland 

98 

Herbaceous  Wetland 

98 

Recent  Clear-cut 

70 

Clear-cut  Regrowth 

65 

Dirt  Roads 

82 

Water 

100 

Pasture/Hay 

58 

Small  Grains 

75 

Fallow 

86 

Row  Crops 

78 

Low  Density  Residential 

65 

Comm/lnd/Trans 

90 

Urban  Grasses 

69 

E-2 
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Figure  E-l.  Modeling  subwatersheds  in  the  Lake  Helena  TPA. 
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E.1.2  USLE  Parameters 

The  USLE  was  set  up  based  on  general  watershed  assumptions  applied  to  the  entire  watershed.  The  soil 
erodibility  factor  is  0.2,  the  slope  length  is  30  meters,  the  slope  is  20  percent  for  the  upland  areas,  2 
percent  for  the  valley  surrounding  Lake  Helena,  and  the  practice  factor  for  each  land  use  is  1 .  Cover 
factors  for  each  land  use  are  based  on  GWLF  default  values  and  are  summarized  in  Table  E-2.  The  cover 
factor  for  dirt  roads  is  based  on  the  Watershed  Characterization  System  estimates  developed  by  Tetra 
Tech  (2000). 

The  USLE  equation  estimates  erosion.  Delivered  sediment  is  estimated  by  applying  a  sediment  delivery 
ratio  specific  to  each  subbasin.  The  sediment  delivery  ratios  for  each  subbasin  are  area-based  as 
suggested  in  Haith  et  al.  (1992). 


Table  E-2.  Cover  Factors  by  Land  Use  in  the  Lake  Helena  Watershed 


Land  Use 

Cover  Factor 

Bare  Rock 

00001 

Transitional 

0.02 

Deciduous  Forest 

0.003 

Evergreen  Forest 

0.003 

Shrubland 

0  006 

Grassland 

0.01 

Woody  Wetland 

0.003 

Herbaceous  Wetland 

0.003 

Recent  Clear-cut 

0.09 

Clear-cut  Regrowth 

0.04 

Dirt  Roads 

0.75 

Water 

0 

Pasture/Hay 

0.004 

Small  grains 

0.03 

Fallow 

0.3 

Row  Crops 

0.3 

Low  density  residential 

0.0065 

Comm/lnd/Trans 

001 

Urban  grasses 

0.013 
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E.1.3  Soil  Nutrient  Concentrations 

Soil  nutrient  concentrations  are  based  on  spatial  distributions  provided  in  the  GWLF  manual.  The  soil 
nitrogen  concentration  is  3,000  mg/kg  based  on  Figure  B-3  of  the  GWLF  manual,  which  shows  a  median 
soil  nitrogen  content  of  0. 1 5  percent  and  suggests  an  enrichment  ratio  of  2.  The  soil  phosphorus 
concentration  is  440  mg/kg  based  on  Figure  B-4  in  the  GWLF  manual  which  shows  a  soil  P2O5  content  of 
0.05  percent  (low  end  of  range)  and  suggests  an  enrichment  ratio  of  2. 

E.1.4  Groundwater  Nutrient  Concentrations 

Groundwater  nutrient  concentrations  were  set  to  0.07  mg-N/L  and  0.012  mg-P/L  based  on  baseflow 
measurements  reported  in  the  GWLF  manual  for  forested  watersheds. 

E.1.5  Septic  System  Loading  Data 

The  GWLF  model  requires  an  estimate  of  population  served  by  septic  systems  to  generate  septic  system 
loading  rates.  Daily  per  capita  loading  rates  and  plant  uptake  rates  were  set  to  GWLF  default  values  and 
are  summarized  in  Table  E-3. 


Table  E-3.  Septic  System  Loading  Rates  and  Plant  Uptake  Rates 

Parameter 

Nitrogen 

Phosphorus 

Loading  Rate  (g/capita/d) 

12 

1.5 

Plant  Uptake  Rate  (g/d) 

1.6 

0.4 

E.1.6  Point  Sources 

Three  point  sources  in  the  Lake  Helena  Watershed  contribute  significant  nutrient  loading  to  the  system; 
each  discharges  to  the  Prickly  Pear  Creek  watershed.  The  GWLF  model  accounts  for  point  source  loads 
on  a  monthly  basis  (kg/mo).  Average  monthly  loads  were  calculated  from  reported  discharges  from 
January  2000  to  December  2002.  Average  loadings  from  each  point  source  are  presented  in  Table  E-4  to 
Table  E-6.  The  City  of  Helena  WWTP  loads  are  presented  pre-  and  post-plant  upgrades,  which  occurred 
in  June  2001.  It  should  be  noted  that  the  post-upgrade  TP  loads  are  in  question  because  the  loads 
increased  following  expansion.  A  possible  lab  or  reporting  error  is  being  investigated.  It  should  also  be 
noted  that  the  City  of  East  Helena  WWTP  was  upgraded  in  November/December  2003.  The  new  system 
consists  of  a  small,  completely  mixed  aerated  lagoon  with  a  separate  aerobic  digestion  cell  for  solids. 
Disinfection  is  with  UV  instead  of  the  old  chlorination  system,  and  the  new  system  has  lined  cells  which 
do  not  seep  to  groundwater. 
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From  April  thru  October,  the  majority  of  effluent  from  the  City  of  Helena  WWTP  is  used  by  a  private 
landowner  for  irrigation  of  alfalfa  fields  (Clark,  2004).  To  model  nutrient  uptake,  we  assume  that  95 
percent  of  effluent  is  land  applied  during  this  time.  Total  phosphorus  uptake  is  assumed  90  percent 
(reported  ranges  from  80  to  99  percent  (USEPA,  2002a)).  Ammonia  and  organic  nitrogen  are  assumed 
taken  up  completely  by  plants.  Nitrate/nitrite  present  in  the  effluent  is  assumed  to  pass  through  the 
system.  According  to  the  City  of  Helena  WWTP  DMRs,  the  average  nitrate  concentration  prior  to  June 
2001  was  0.18  mg-N/L;  after  the  plant  upgrades,  the  average  nitrate  concentration  was  5.42  mg-N/L.  The 
increase  in  nitrate  concentrations  is  attributed  to  the  upgraded  ammonia  removal  process  at  the  facility 
that  results  in  more  nitrogen  in  the  effluent.  Though  plant  upgrades  have  reduced  the  total  nitrogen  load 
by  70  percent,  nitrogen  loads  passing  through  the  irrigated  fields  are  higher  after  the  upgrades  because 
more  of  the  load  is  in  the  nitrate  form. 

Effluent  that  is  not  land  applied  travels  approximately  one  mile  through  an  open  conduit  before  reaching 
Prickly  Pear  Creek  (Ingman,  2004).  Flow  through  the  conduit  is  minimal  from  April  through  October. 
Nutrient  uptake  in  the  conduit  is  assumed  negligible  during  the  remaining  months  due  to  reduced 
biological  activity  under  low-temperature  conditions. 


Table  E-4.  Average  Monthly  Nutrient  Loads  from  the  Evergreen  Nursing  Home  (MT0023566) 

Month 

Average  Total  Nitrogen  Load 
(kg/mo) 

Average  Total  Phosphorus  Load 
(kg/mo) 

January 

5.8 

1.2 

February 

9.3 

1.4 

March 

4.3 

1.6 

April 

11.4 

40 

May 

11.0 

1.0 

June 

9.1 

4.0 

July 

4.8 

5.4 

August 

3  1 

3.0 

September 

9.2 

3.5 

October 

104 

3.0 

November 

3.8 

2.1 

December 

10.8 

3.5 
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Table  E-5.  Average  Monthly  Nutrient  Loads  from  the  City  of  Helena,  East  WWTP  (MT0022560) 

Month 

Average  Total  Nitrogen  Load 
(kg/mo) 

Average  Total  Phosphorus  Load 
(kg/mo) 

January 

159.7 

27.1 

February 

162.3 

24.4 

March 

184.1 

27.2 

April 

209.6 

31.5 

May 

179.6 

35.2 

June 

380.6 

61.0 

July 

339.3 

56.6 

August 

322.0 

68.4 

September 

3289 

54.8 

October 

250.2 

36.7 

November 

187.1 

27.1 

December 

168.1 

25.0 

Table  E-6.  Avei 

*age  Monthly  Nutrie 
Summer  2l 

nt  Loads  from  the  City  of  Helena  WWTP  Before  and  After 
)01  Plant  Upgrades  (MT0022641) 

Month 

Average  Total 

Nitrogen  Load 

Before  Upgrades 

(kg/mo) 

Average  Total 

Phosphorus  Load 

Before  Upgrades 

(kg/mo) 

Average  Total 

Nitrogen  Load 

After  Upgrades 

(kg/mo) 

Average  Total 

Phosphorus  Load 

After  Upgrades 

(kg/mo) 

January 

12,859 

1,625 

2,501 

1,758 

February 

11,767 

1,698 

3,053 

8,166 

March 

12,088 

1,721 

4,773 

2,864 

April 

10,945 

1,697 

3,307 

7,027 

May 

8,205 

801 

3,438 

8,312 

June 

7,012 

1,102 

3,312 

1,313 

July 

9,803 

719 

2,894 

4,129 

August 

8,605 

1,467 

3,657 

941 

September 

8,940 

543 

2,512 

1,725 

October 

9,341 

1,636 

2,833 

1,607 

November 

12,859 

1,562 

2,962 

696 

December 

12,934 

1,401 

1,711 

2,224 
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E.1.7  Runoff  Concentrations 

Dissolved  nutrient  concentrations  in  runoff  from  each  land  use  were  set  to  GWLF  default  values  and  are 
summarized  in  Table  E-7.  Best  professional  judgment  was  used  to  estimate  runoff  concentrations  from 
dirt  roads. 


Table  E-7.  Nutrient  Runoff  Concentrations  for  Rural  Land  Uses  in  the  Lake  Helena  Watershed 


Land  Use 

Nitrogen  (mg/L) 

Phosphorus  (mg/L) 

Bare  Rock 

0.09 

0009 

Transitional 

1.00 

0.100 

Deciduous  Forest 

0.07 

0012 

Evergreen  Forest 

007 

0.012 

Shrubland 

0.50 

0.100 

Grassland 

3.00 

0.250 

Woody  Wetland 

0.07 

0012 

Herbaceous  Wetland 

0.07 

0.012 

Recent  Clear-cut 

0.18 

0015 

Clear-cut  Regrowth 

0.10 

0014 

Dirt  Roads 

0.50 

0.080 

Water 

0.07 

0.012 

Pasture/Hay 

2.80 

0.150 

Small  Grains 

1.80 

0.300 

Fallow 

2.60 

0.100 

Row  Crops 

2.90 

0.260 
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E.1.8  Developed  Land  Buildup  Rates 

GWLF  simulates  nutrient  loads  from  developed  land  uses  through  a  buildup/washoff  formulation. 
Buildup  rates  for  nitrogen  and  phosphorus  are  based  on  weighted  averages  of  pervious  and  impervious 
default  values  suggested  in  the  GWLF  manual  (Table  E-8). 


Table  E-8.  Buildup  Washoff  Rates  for  Urban  Land  Uses  in  the  Lake  Helena  Watershed 

Land  Use 

Nitrogen  (kg/ha-d) 

Phosphorus  (kg/ha-d) 

Low  Density  Residential 

0.020 

0.0020 

Comm/lnd/Trans 

0.050 

0.0050 

Urban  Grasses 

0.012 

0.0016 

E.1.9  Forest  Industry  Land  Uses 

According  to  the  "Water  Quality  Restoration  Plan  and  Total  Maximum  Daily  Loads  (TMDLs)  for  the 
Lake  Helena  Watershed  Planning  Area"  (USEPA,  2004),  93  percent  of  forest  in  the  Lake  Helena 
Watershed  is  timberland.  In  order  to  account  for  the  impacts  of  silviculture,  Tetra  Tech  apportioned  93 
percent  of  the  forestland  identified  in  the  MRLC  database  as  timberland.  Assuming  a  90-yr  harvesting 
cycle  (Stuart,  2004),  1.11  percent  of  this  timberland  is  assumed  recently  cut  and  assigned  the  land  use 
"recent  clear  cut."  To  estimate  the  area  of  "clear-cut  regrowth,"  we  assumed  a  5-yr  regrowth  period  to  re- 
establish 100  percent  ground  cover.  The  curve  numbers,  cover  factors,  and  nutrient  runoff  concentrations 
of  these  silvicultural  land  uses  vary  from  typical  forestland  as  described  in  Tables  E-l,  E-2,  and  E-7.  The 
area  of  dirt  roads  associated  with  timberland  operations  was  based  on  best  professional  judgment.  Two 
percent  of  the  total  forest  area  is  allocated  to  dirt  roads. 

E.1.10  Grassland  Under  "Natural"  Conditions 

Under  "Natural"  conditions,  grassland  areas  are  assumed  to  have  lower  animal  densities  compared  to 
grassland  under  existing  conditions,  which  is  often  used  for  organized  grazing.  Under  natural  conditions, 
soil  compaction  is  expected  to  be  lower  and  vegetative  cover  higher.  To  account  for  these  differences, 
grassland  in  the  "Natural"  scenario  is  assigned  a  curve  number  of  61  and  a  cover  factor  of  0.003. 
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E.l.ll  GWLF  Modeling  Scenarios 

Two  sets  of  GWLF  input  files  were  generated  to  represent  the  Lake  Helena  modeling  scenarios.  The 
"Existing"  scenario  models  current  conditions  by  assigning  current  land  uses  (including  urban 
development,  agriculture,  and  silviculture),  point  sources,  and  septic  system  loads  to  the  watershed.  The 
number  of  total  septic  systems  in  the  watershed  varies  by  year  based  on  the  number  of  domestic  wells. 
Information  on  the  number  of  septic  systems  in  was  not  available  at  the  time  of  this  report.  The  average 
household  size  is  assumed  2.5  people  per  household.  The  "Natural"  scenario  models  the  watershed  in  its 
prc-disturbed  condition:  septic  systems  and  point  sources  are  removed  from  the  loading  and  all  urban, 
agricultural,  and  silvicultural  land  uses  are  converted  to  undisturbed  forest.  Table  E-9  and  Table  E-10 
summarize  the  inputs  for  the  two  modeling  scenarios. 


Table  E-9.  Land  Use  Areas 

For  the  Lake  Helena  Modeling  Scenarios 

Land  Use 

Existing  (ac) 

Natural  (ac) 

Bare  Rock 

3856 

3856 

Water 

8108 

8108 

Transitional 

789.0 

- 

Deciduous  Forest 

1,267.2 

1,380  4 

Evergreen  Forest 

148,3467 

216,452.0 

Mixed  Forest 

18.2 

182 

Shrubland 

37,4127 

37,412.7 

Grassland 

134,3208 

134,7577 

Pasture/Hay 

13,504.5 

- 

Small  Grains 

21,404.4 

- 

Woody  Wetland 

626.7 

626.7 

Herbaceous  Wetlands 

1268 

1268 

Recent  Clear-cut 

1,684.1 

- 

Clear-cut  Regrowth 

8,420.5 

- 

Dirt  Roads 

3,259.6 

- 

Fallow 

3,833.3 

- 

Row  Crop 

3,505.5 

- 

Low  Density  Residential 

3,6022 

- 

Commercial/lndustrial/Transportation 

7,064.2 

- 

Urban/Recreational  Grasses 

1,587  9 

- 

E-10 
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Table  E-10.  Population  Served  by  Septic  Systems  in  the  Lake  Helena  Watershed  Under  Existing 

Conditions 


Year 

Normally  Functioning 

Short-Circuited3 

1993 

17,698 

1,332 

1994 

17,964 

1,352 

1995 

18,230 

1,372 

1996 

18,496 

1,392 

1997 

18,762 

1,412 

1998 

19,028 

1,432 

1999 

19,294 

1,452 

2000 

19,560 

1,472 

2001 

19,826 

1,492 

2002 

20,092 

1,512 

2003 

20,358 

1,532 

Assumed  7  percent  of  onsite  systems  are  short-circuiting  based  on  national  average  (USEPA,  2002b) 
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E.2.0  GWLF  Modeling  Results 

The  GWLF  model  was  used  to  simulate  total  nitrogen  and  total  phosphorus  loads  to  Lake  Helena  for  the 
years  1993  through  2003.  Figure  E-2  and  E-3  show  the  simulated  nutrient  loading  to  the  lake  in  metric 
tons  per  year.  There  is  a  large  increase  in  nutrient  loading  from  "Natural"  to  "Existing"  conditions, 
though  a  portion  of  the  nitrogen  increase  has  been  offset  by  recent  upgrades  at  the  City  of  Helena  WWTP. 
City  of  Helena  nutrient  loads  are  displayed  in  the  figures  to  show  the  impacts  of  plant  upgrades  that 
occurred  in  2001 .  There  is  some  question  to  the  validity  of  the  total  phosphorus  loading  estimates  which 
arc  based  on  reported  concentrations  and  flow  rates  in  the  City  of  Helena  WWTP  DMRs  and  the  EPA 
point  source  query  database.  However,  without  additional  data,  we  cannot  justifiably  alter  the  loading 
estimates. 

Note  that  these  estimates  do  not  include  loads  from  the  Helena  Valley  Irrigation  District,  which  are 
discussed  in  Section  E.3.0. 


I  Total  Existing  Load  ■  City  of  Helena  WWTP  Load  □  Natural  Load 
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Figure  E-2.  Total  Nitrogen  Loads  from  the  Lake  Helena  Watershed 
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I  Total  Existing  Load  ■  City  of  Helena  WWTP  Load  D  Natural  Load 
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Figure  E-3.  Total  Phosphorus  Loads  from  the  Lake  Helena  Watershed. 
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E.3.0  BATHTUB  Model  Setup 

The  ACOE  BATHTUB  model  (Walker,  1987)  was  set  up  to  simulate  nutrient  response  in  Lake  Helena 
for  the  years  1993  through  2003.  Nutrient  loads  and  streamflows  were  simulated  with  the  Generalized 
Watershed  Loading  Function  (GWLF)  model  based  on  land  use/land  cover  data  and  local  meteorological 
data.  Lake  morphometry  data  were  provided  by  Montana  DEQ  (Supple,  2004). 

E.3.1  Lake  Morphology 

The  BATHTUB  model  requires  basic  lake  morphometric  data  (Table  E-l  1)  to  assess  residence  time,  net 
flow  rate,  and  potential  euphotic  depth.  Morphometric  data  are  based  on  data  provided  by  Montana  DEQ. 
Because  the  lake  is  fairly  uniform  and  no  ponding  occurs  along  the  downstream  reaches  of  the  tributaries, 
segmentation  is  not  required. 


Table  E-ll.  Lake  Helena  Morphology 

Lake  Volume  (106m3) 

13.45 

Average  Depth  (m) 

16 

Surface  area  (km2) 

841 

E.3.2  Atmospheric  Deposition  to  Lake  Helena 

Atmospheric  deposition  can  contribute  a  significant  proportion  of  nitrogen  loads  directly  to  a  lake  surface, 
particularly  when  the  ratio  of  watershed  area  to  lake  surface  area  is  low.  The  Lake  Helena  watershed  to 
lake  area  ratio  is  relatively  high  (192)  so  atmospheric  deposition  is  not  likely  a  major  source  of  nutrient 
loading. 

Total  wet  and  dry  nitrogen  deposition  rates  to  the  lake  surface  ( 1 .5  kg/ha)  were  based  on  CASTNET 
monitoring  at  Glacier  National  Park  (GLR468)  for  1997.  Phosphorus  deposition  rates  (primarily  from 
wind  blown  dust)  are  generalized  estimates  (0.1  kg/ha). 

E.3.3  Loads  from  the  Helena  Valley  Irrigation  System 

The  Helena  Valley  Irrigation  District  provides  approximately  350  cfs  of  water  pumped  from  the  Missouri 
River  to  the  Lake  Helena  Watershed  from  mid-April  through  September  each  year.  A  water  balance 
based  on  weir  measurements  of  canal  and  drain  flows,  crop  water  use,  and  evaporation  from  the  open 
conduits  was  used  to  apportion  flows  to  Lake  Helena  into  groundwater  recharge  and  drain  overflow 
fractions.  The  results  are  presented  in  Table  E-l 2  for  a  typical  water  year  (2003). 

Nutrient  loads  were  estimated  by  applying  appropriate  concentrations  to  each  source  of  flow  from  the 
irrigation  district.  Groundwater-recharge  nutrient  concentrations  were  based  on  suggested  GWLF  values 
for  primarily  agricultural  watersheds:  0.71  mg-N/L  and  0.104  mg-P/L.  The  nutrient  concentrations  in 
overflow  drains  were  estimated  by  averaging  values  observed  in  three  overflow  drains  during  the  summer 
of  2004  (0.71  mg-N/L  and  0.037  mg-P/L).  Resulting  loads  are  52  metric  tons  of  total  nitrogen  per  year 
and  6.6  metric  tons  of  total  phosphorus  per  year. 

Table  E-l 2.  Water  Balance  for  the  Helena  Valley  Irrigation  District 
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Month 

Groundwater 
Recharge  (cfs) 

Drain  Overflow 
(cfs) 

Evaporation  (cfs) 

Total  Flow  to  Lake 
Helena  (cfs) 

April 

25.0 

56.0 

0.25 

80.75 

May 

36.5 

39.5 

0.39 

75.61 

June 

178.0 

41.0 

0.45 

21855 

July 

200.3 

29.7 

0.63 

229.37 

August 

2109 

51.1 

0.53 

261.47 

September 

1297 

34.3 

0.31 

163.69 

E.3.4  Inorganic  Nutrient  Fractions 

BATHTUB  requires  an  estimate  of  inorganic  nutrient  fractions  for  all  loads  to  the  lake.  The  inorganic 
nutrient  fractions  for  the  watershed  loads  were  approximated  from  the  ratios  of  dissolved  nutrient  load  to 
total  nutrient  load  predicted  by  GWLF  for  each  year.  Atmospheric  and  groundwater  recharge  loads  from 
the  irrigation  system  were  assumed  1 00  percent  inorganic;  loads  in  the  irrigation  system  drains  were 
assumed  25  percent  inorganic  due  to  algal  synthesis.  Table  E-13  summarizes  the  inorganic  fractions  of 
nutrient  loads  to  Lake  Helena  for  each  modeling  year. 
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Table  E-13.  Inorganic  Nutrient  Fractions 

to  Lake  Helena 

Year 

Fraction  Inorganic  Nitrogen 

Fraction  Inorganic  Phosphorus 

1993 

071 

0.73 

1994 

0.90 

0.94 

1995 

0.88 

0.92 

1996 

0.84 

0.88 

1997 

0.82 

0.85 

1998 

0.76 

0.78 

1999 

0.80 

0.83 

2000 

0.85 

088 

2001 

070 

086 

2002 

0.68 

0.84 

2003 

0.79 

0.92 

E.3.5  Light  Penetration  in  Lake  Helena 

The  BATHTUB  model  requires  average  Secchi  depth  to  determine  the  nonalgal  turbidity  in  the  lake. 
Secchi  depth  data  were  collected  in  Lake  Helena  during  the  summer  of  2003  and  ranged  from  0.15  m  to 
1 .07  m.  Because  data  arc  only  available  for  2003,  the  average  value  of  0.41  m  will  be  applied  to  all 
modeling  years. 

E.3.6  BATHTUB  Lake  Response  Modeling 

BATHTUB  model  output  for  the  "Existing"  scenario  was  first  compared  to  conditions  observed  in  Lake 
Helena  in  2002  and  2003,  which  arc  represented  by  DEQ  data  collected  on  8/9/2002  and  Land  &  Water 
data  collected  on  6/26/2003  and  8/29/2003.  The  BATHTUB  model  offers  the  user  several  choices  for 
nutrient  sedimentation  models,  which  determine  the  predicted  in-lake  concentrations  from  loading  rates 
and  residence  time.  Predicted  phosphorus  concentrations  are  in  agreement  with  epilimnetic  observations 
with  the  sedimentation  factor  set  to  1 .5  (mid-range  for  phosphorus  (Walker,  1987)).  Predicted  nitrogen 
concentrations  approach  observed  values  with  a  sedimentation  factor  of  1  (no  adjustment).  It  is  not 
possible,  however,  to  accurately  estimate  these  factors  with  the  available  data. 

Due  to  time  constraints,  sedimentation  models  are  not  described  in  this  preliminary  memo.   Detailed 
information  can  be  found  in  Walker  ( 1987).  Simulated  nutrient  concentrations  were  compared  to 
observed  values  for  the  summer  of  2002  and  2003  and  are  presented  in  0. 
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Table  E-14.  Simulated  Nutrient  Concentrations  Based  on 

rour  Sedimentation  Models 

Model 
Number 

Model  Description 

Total  Nitrogen  (ug/L) 

Total  Phosphorus  (ug/L) 

2002 

2003 

2002 

2003 

1 

Second  Order, 
Available  Nutrient 

1,230 

1,140 

185 

185 

2 

Second  Order, 
Decay  Rate 

1,250 

1,120 

180 

180 

3 

Second  Order,  Fixed 

1,060 

930 

110 

100 

4 

Canfied  &  Bachmann 
(1981) 

1,040 

910 

110 

100 

— 

Observed 

1,480 

820 

155 

226 

The  BATHTUB  model  uses  simulated  nutrient  concentrations  to  predict  growing  season  average 
chlorophyll  a  concentration  in  the  euphotic  zone.  Again,  the  user  has  several  options  for  simulation.  This 
memo  presents  the  results  of  modeling  option  1,  which  accounts  for  nutrients,  light  availability,  and 
flushing  rate.  Modeling  option  1  was  simulated  for  each  nutrient  model  described  in  Table  E-15. 
Simulated  chlorophyll  a  concentrations  are  shown  in  Table  E-15.  The  first  four  predictions  are  based  on 
nutrient  concentrations  simulated  by  the  four  nutrient  simulation  models.  A  prediction  was  also  simulated 
with  observed  nutrient  concentrations.  In  2002,  predicted  chlorophyll  a  concentrations  were  generally  60 
percent  below  the  observed  mean  (89  ug/L).  In  2003,  predicted  chlorophyll  a  concentrations  were 
typically  130  percent  higher  than  the  observed  mean  (15  ug/L). 


Table  E-15.  Simulated  Chlorophyll  a  Concentrations  in  Lake  Helena  Based  on  Various  Nutrient 

Simulation  Models  and  Observed  Water  Quality 


Nutrient  Simulation  Model 

Chlorophyll  a  (ug/L) 

2002 

2003 

1 

43 

41 

2 

44 

40 

3 

33 

29 

4 

32 

28 

Observed  Nutrient  Concentrations 

48 

29 

Average  Observed  Chlorophyll  a 
Concentration 

89 

15 

GWLF/Bathtub  Modeling 


E-17 


Lake  Helena  Watershed  Planning  Area 


Appendix  E 


Nutrient  model  1  was  chosen  to  simulate  nutrient  concentrations  in  the  lake  because  of  its  general 
applicability.  Table  E-16  reports  the  predicted  chlorophyll  a  concentrations  in  Lake  Helena  for  1993 
through  2003.  Chlorophyll  a  concentrations  are  predicted  to  range  from  40.9  to  47.8  ug/L  with  an 
average  value  of  45.2  ug/L.  There  is  little  variation  in  the  model  predictions  from  year  to  year.  This  is 
likely  due  to  the  steady  inputs  from  point  sources,  septic  systems,  and  the  irrigation  system,  which  result 
in  near-constant  concentrations  of  total  nitrogen  and  total  phosphorus  in  the  lake. 


Table  E-16.  Chlorophyll  a  Concentrations  Predicted  by  the  BATHTUB  Model  for  Lake  Helena 


Year 

Chlorophyll  a  (ug/L) 

1993 

47.8 

1994 

45.6 

1995 

45.8 

1996 

461 

1997 

46.5 

1998 

47.3 

1999 

46.8 

2000 

46.2 

2001 

42.5 

2002 

43.5 

2003 

40.9 
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E.4.0  BATHTUB  Modeling  Scenarios 

The  BATHTUB  model  was  used  to  simulate  lake  response  to  the  two  land  use  scenarios  modeled  for 
Lake  Helena.  Watershed  nutrient  loads  simulated  by  GWLF  and  loads  estimated  from  the  irrigation 
system  were  used  to  drive  the  eutrophication  model.  The  contributions  to  the  additional  nutrient  loads 
(year  2003  loads  relative  to  natural  conditions)  are  summarized  in  Figure  E-4  and  E-5. 


9% 
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Figure  E-4.  Sources  of  Additional  Total  Nitrogen  Loading  (Year  2003)  in  the  Lake  Helena 
Watershed  Compared  to  Natural  Conditions 
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Figure  E-5.  Sources  of  Additional  Total  Phosphorus  Loading  (Year  2003)  in  the  Lake  Helena 

Watershed  Compared  to  Natural  Conditions 

Nutrient  sedimentation  model  l  is  used  to  simulate  nitrogen  and  phosphorus  concentrations  from  input 
loads.  Chlorophyll  a  model  l,  which  accounts  for  nutrients,  light  availability,  and  flushing  rate,  is  used  to 
estimate  chlorophyll  a  concentrations. 
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Predicted  levels  of  eutrophication  under  two  land  use  scenarios  were  compared.  The  "Existing"  scenario 
accounts  for  current  land  use,  point  sources,  septic  systems,  and  the  Helena  Valley  Irrigation  System.  The 
"Natural"  scenario  converts  all  land  uses  to  an  undisturbed  state  and  removes  the  point  sources,  septic 
systems,  and  irrigation  system  from  the  loading.  The  simulated  residence  time  in  Lake  Helena  increases 
under  natural  conditions  because  additional  flows  from  the  irrigation  system  are  not  flushing  through  the 
system  each  summer.  Figure  E-6  compares  the  predicted  chlorophyll  a  concentrations  under  each 
scenario.  Under  natural  conditions,  the  mean  predicted  chlorophyll  a  concentration  across  all  years  is  9.3 
ug/L;  under  existing  conditions,  the  mean  predicted  concentration  is  45.2  ug/L. 
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Figure  E-6.  Chlorophyll  a  Concentrations  Simulated  for  Two  Modeling  Scenarios 
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E.5.0  Conclusions 

It  is  difficult  to  calibrate  the  GWLF/BATHTUB  model  for  the  Lake  Helena  Watershed  with  the  available 
data  (one  sampling  date  in  2002  and  two  dates  in  2003).  In  addition,  applying  constant  monthly  loads 
from  the  Helena  Valley  Irrigation  System,  point  sources,  and  septic  systems  may  oversimplify  the  loading 
from  these  sources,  which  may  explain  the  relatively  constant  chlorophyll  a  predictions  for  the  lake  across 
all  modeling  years.  However,  the  BATHTUB  model  does  predict  an  average  chlorophyll  a  concentration 
of  45  ug/L,  which  is  also  the  average  of  all  samples  collected  in  both  2002  and  2003  (45  ug/L).  Thus,  the 
model  may  be  accurately  depicting  general  eutrophication  of  the  lake,  rather  than  day-to-day  variation 
detected  by  limited  sampling  data. 

Results  of  the  GWLF/BATHTUB  model  for  this  watershed  under  natural  conditions  are  probably  more 
reliable  than  for  existing  conditions  because  1 )  transport  parameters  for  undisturbed  land  uses  are  well 
established,  and  2)  the  constant-input  assumptions  concerning  the  irrigation  system,  point  sources,  and 
septic  systems  do  not  apply.  Under  the  natural  scenario,  chlorophyll  a  is  predicted  to  range  from  5.2  ug/L 
to  13.7  ug/L  with  a  mean  of  9.3  ug/L.  It  is  not  likely,  therefore,  that  Lake  Helena  will  ever  achieve  the 
current  water  quality  target  of  2.2  ug/L.  The  target  is  based  on  trophic  state  indices  observed  in  shallow, 
reference  lakes  in  Ecoregion  II.  Lake  Helena  has  a  relatively  high  ratio  of  watershed  area  to  lake  area. 
Even  under  natural  conditions,  total  loading  from  upland  areas  would  be  expected  to  cause  mild 
eutrophication  in  a  lake  this  size. 
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3  "6  00 

1-2  OC 

2S  DC 

3151  OC 

31  SC 

5  ^C 

22.05 

10  56 

] 

7N 

5E 

20C 

31 

Russell  Fork  (Deep  Creek) 

25-Jul-Pl 

:.:-;  :o 

770  CO 

6?:  co 

583  CO 

546  CO 

15400 

2"  5  00 

21100 

149  00 

44  00 

-"io: 

17  4< 

4  05 

10.19 

24  CO 

5 

7N 

5E 

203 

3] 

Russell  Fork  (Deep  Creek) 

25-Jul-Pl 

o.co 

-CO  CO 

P60  CO 

SCO  CO 

63S  CO 

1S6  00 

420  00 

300  00 

53  00 

IS  00 

3775  OC 

25  SS 

1  S8 

19  07 

13  5" 

4 

7N 

5E 

203 

i] 

Property; 

3-Nov-?l 

o.co 

3C5  20 

323  10 

1150  50 

416  70 

591  SO 

1394  30 

lOffl  5C 

1252  5C 

56  70 

5542  1C 

56  2= 

9.71 

37.53 

3  =" 

] 

Properry; 

3-Nov-Pl 

aoo 

O.CO 

130  50 

6"?  20 

291  10 

35690 

S12  30 

SS3  50 

1777.40 

""20 

5018  1C 

"8  06 

6  96 

33. 7*9 

2C5 

2 

Ptopenv' 

5-Kov-Pl 

o.co 

O.CO 

285  CO 

1089  40 

320  10 

444X0 

948  00 

1052  "C 

PI  3  50 

24  20 

5066  7C 

56  95 

S5C 

39  63 

3  6S 

Sui:e  sec 

Propenv" 

5-l\"ov-Pl 

o.co 

0.00 

10=3  20 

1559  50 

445  50 

529  30 

115210 

6"?  70 

"36  50 

5"  70 

5263  70. 

50  54 

1  *6 

29  "2 

6  40 

Sate  sec 

Propenvl 

5-Kav-Pl 

0.00 

2C5  50 

SC6  20 

152"  50 

354  70 

60"  00 

1155  30 

454  30 

718.40 

24  50 

5S43  6C 

5C  3C 

2"l 

2"  20 

6"" 

Sulphur  3a[  Creek 

25-Jul-S3 

o.co 

2C"  CO 

S=4  CO 

1032  DO 

948.00 

333  00 

703  00 

S95  00 

431  DC 

1-5  OC 

5638  OC 

45  55 

1  1C 

23  3- 

6  25 

7N 

4E 

35 

j 

Sulphur  3ar  Creek 

25-Jul-SS 

o.co 

O.CO 

791  CO 

1323  00 

070  CO 

323  00 

654  DC' 

63000 

416  00 

158  DC 

5233  OC 

-2  33 

CP" 

'■;  m 

6  32 

• 

7N 

4E 

35 

3 

Sulphur  3ar  Creek 

25-Jul-SS 

ICO 

O.CO 

410  CO 

SI?  CO 

102?  00 

3SP00 

$52  00 

S5000 

416  00 

154  0C 

-P19  0C 

54  1C 

1  59 

34.60 

4  64 

i 

7N 

4E 

35 

3 

Sulphur  3ar  Creek 

25-Jul-SS 

:;; 

5=3  CO 

9"3  CO 

1320  00 

1046  00 

255  00 

39S  00 

324  00 

350  00 

105  OC 

-;i-:4  0c 

2"  5= 

8^4 

14.01 

10  13 

-. 

7N 

4E 

35 

3 

Sulphur  3ar  Creek 

:?-jj-s3 

o.co 

345  CO 

91S  CO 

986  CO 

S3  ICO 

356  00 

"50  00 

6T  DO 

+D2  DC 

234  00 

"41-  o: 

-3  54 

1"1 

25.73 

661 

: 

7N 

4E 

35 

] 

Sulphur  3ar  Creek 

25-Jul-SS 

o.co 

0  CO 

259  CO 

1076000 

95"  CO 

32?  00 

65?  00 

MP  00 

558100 

2  "3  DC 

4740  OC 

51-3 

.3 

25  95 

4CS 

4 

7N 

4E 

35 

] 

Sulphur  3ar  Creek 

25-Jul-SS 

o.co 

O.CO 

SS6  CO 

120  CO 

622  DO 

255  00 

50130 

+53  00 

497  00 

255  00 

-2"=OC 

45  SQ 

7.11 

no 

5  36 

■ 

7N 

4E 

35 

3 

Sulphur  Bar  Creek 

25-Jul-SS 

o.co 

174.00 

S33  CO 

S32  CO 

SC6  CO 

322  00 

733  00 

"3S  00 

350  DO 

158  DC 

-P66  OC 

46.74 

C63 

251.62 

6  16 

6 

7N 

4E 

35 

3 

Sulphur  3ar  Creek 

25-Jul-SS 

o.co 

2"2  CO 

"43  CO 

9=S  CO 

"55  CO 

2"3  00 

61 1  00 

61?  00 

332  DC 

253  OC 

4891  OC 

-3  3C 

■*  c^ 

25  15 

6  26 

- 

"X 

4E 

35 

Deep  Creek 

25-Jul-S" 

o.co 

O.CO 

655  CO 

HO  DO 

9C4  CO 
6=5  CO 

323  00 

2- 100 

OS  00 
765  00 

558.00 

$44  DO 

185X0 

"53  00 

19    DC 
-5  00 

-S"4  0C 

:    - 
54  53 

:-•■•; 

23  65 

35  01 

4"1 

. 

Helena  National  Forest  McNeil  Core  Database  (continued) 

Strum  Name 

Date 

76,2  mm 

Sieve 
(Grams) 

50.  S  mm 

Sieve 
(Grams) 

25  i  mm 

Sieve 
(Grams) 

12.7  mm 

Sieve 

(Grams) 

6.3  nun  Sieve 
(Grams) 

4.76  nun 

Sieve 
(Grams) 

2,38  nun 

Sieve 
(Grams) 

0,85  mm 

Sieve 
(Grams) 

0,074  mm 
Sieve 

(Grams) 

<0,0f  4  mm 
(Grams) 

Total  Weight 
of  Sample 
(Grams) 

»iFm*s 

1 1  Fin* 

Sedimeat 

(Reiser  & 

White  1988) 

MCoarse 

Sediment 

(Reiser  & 

White  1983) 

Geometric 
Mean 

Site 

T0rash.1i) 

Range 

Section 

Riparian 
Agsresate 

Deep  Creek 

35-M-87 

0.00 

2?5  CO 

694  CO 

S?9  CO 

689  CO 

214  00 

671  00 

541  OC 

323  OC 

83  00 

4409  OC 

-1  55 

?21 

27  49 

-54 

2 

Deep  Creek 

25-jui-s- 

0.00 

OCO 

5  74  CO 

150000 

122S  DO 

290  00 

6"C  X 

5-10  00 

491  OC 

53  OC 

5355  OC 

38  34 

'  0  '  6 

22.76 

6?0 

3 

Deep  Creek 

Zi-M-V 

0.00 

219  CO 

32"  CO 

1143  00 

147"  00 

387  00 

916  OC 

371  00 

255  OC 

-2  0C 

5147  OC 

38  -: 

5  7" 

35.00 

"66 

4 

Deep  Cr=ek 

25-M-S7 

0.00 

590  CO 

540  CO 

743  CO 

594  CO 

225  00 

"52  X 

426  00 

21  IOC 

75  OC 

423  6  OC 

3?  4C 

6  75 

2-  ^~ 

9  35 

5 

Deep  C  reel 

25-Jul-S^ 

0.00 

16"  CO 

"09  CO 

791  CO 

S^5  CO 

29C  ]C 

729  OC 

354  OC 

323  OC 

IOC  OC 

5SS5  OC 

3C5? 

7  1? 

1S5" 

12  70 

6 

Deep  Creek 

25-Jul-S" 

aoo 

56SCO 

954  CO 

115?  00 

693  CO 

17600 

3S2  00 

I37JO0 

147  OC 

9000 

-3160C 

21  5? 

5  40 

12.05 

13  64 

Deep  Creek 

25-M4J7 

0.00 

572  CO 

582  CO 

S32  CO 

S63  CO 

308  00 

793  00 

+02  OC 

165  OC 

3S  X 

4S56  0C 

35  15 

4  2C 

24.61 

10  ?2 

3 

Deep  Creek 

06-J\m-SS 

M7  CO 

365  CO 

981  CO 

982  CO 

692  CO 

23100 

45900 

63100 

531  OC 

36  OC 

5875  OC 

33  34 

1135 

IS  55 

10  50 

"X 

4E 

X\V2S 

29 

Deep  Creek 

06-)\m-SS 

aoo 

OCO 

939  CO 

425  CO 

SS6  CO 

373  00 

79900 

576  X 

633  OC 

1 05  00 

50S6OC 

55  76 

15  4? 

32.95 

4  70 

3 

7N 

4E 

NW3I 

0? 

Deep  Creek 

Ofi-Jjn-SS 

0.00 

553  CO 

712  CO 

1215  00 

717  CO 

25100 

528  00 

614  1':: 

6  04  X 

""  OC 

5271  OC 

53  '::■ 

12  92 

216" 

7  70 

3 

7X 

4E 

X\V2S 

29 

Deep  Creek 

06-J-jn-SS 

aoo 

701  CO 

1263  SO 

971  CO 

1W5  OC 

378  00 

795  00 

933  00 

700  OC 

116  OC 

6862  OC 

-2  58 

11s? 

35.  IS 

",■: 

4 

A' 

4E 

NW2I 

29 

Deep  Creek 

06-J-.m-SS 

1343  CO 

566  CO 

-;.s  co 

S52  CO 

787  CO 

29400 

656  00 

714  00 

35"  OC 

7600 

5991  OC 

35  17 

7  23 

23  03 

1216 

5 

7N 

4E 

NW3I 

29 

Deep  Creek 

oe-j-jri-ss 

aoo 

135  CO 

1 2  SC  CC 

1333  00 

993  CO 

252  00 

551  00 

1C0C  OC 

534  X 

3?  OC 

507?  oc 

4C41 

1C42 

25.69 

7j] 

6 

7X 

4E 

l.'.Vl! 

29 

Deep  Creek 

D6-JaB-a 

aw 

O.CO 

560  CO 

5  -<:■  co 

606  CO 

234  00 

65000 

113-  00 

759  OC 

35  00 

4COS  OC 

58  52 

1618 

37.57 

441 

7 

7\ 

4E 

SVC5 

29 

Deep  Creek 

06-Jjh-SS 

aoo 

1055  CO 

1250  CO 

9C1  CO 

716  CO 

236  00 

334  00 

35"00 

+09  00 

136  OC 

5364  OC 

26  33 

10  16 

12.SS 

1212 

S 

7X 

4E 

SU-25 

29 

Deep  Creek 

OS-J-m-JS 

aw 

[411  CO 

955  CO 

93S  CC 

665  CO 

1-2  00 

25000 

235  00 

25"  OC 

104  OC 

4977  OC 

JC25 

6  85 

9.95 

16.03 

S 

-x 

4E 

SW25 

39 

Deep  Creek 

Ofi-J-.m-SS 

aw 

O.CO 

155"  CO 

1536  :[ 

1299  00 

329  00 

442  00 

32S  00 

457  00 

227  nfl 

5235  OC 

28  76 

11  13 

'2  '5 

S63 

s 

"Os" 

4E 

SW25 

29 

Deep  Creek 

20-Xov-89 

589  CO 

512  CO 

919  CO 

616  CC 

S"5  CO 

329.00 

719  00 

670  00 

35-'00 

22C  OC 

601 6  OC 

3831 

?  76 

23.09 

952 

1 

7N 

4E 

30 

29 

Deep  Creek 

20-Xov-S9 

0.00 

982  CO 

1042  DO 

SC3  CO 

SC3  CO 

28 100 

5-"  00 

735  00 

55:  X 

73  00 

5598  OC 

35  16 

7  23 

13.90 

10  34 

•) 

7N 

4E 

S333C 

0? 

Deep  Creek 

20-Xov-S9 

aoo 

1CSCO 

1382  CO 

756  CO 

530.00 

222  00 

466  00 

496  00 

237  00 

45  00 

4242  OC 

34  56 

6  55 

22.6S 

10  03 

3 

7N 

4E 

i7.vi"; 

29 

Deep  Creek 

20-Xor-S9 

aoo 

531  CO 

122"  CO 

659  CO 

sag  co 

212  00 

440X0 

500  00 

216  00 

7600 

-45COC 

32  45 

6  56 

21.12 

11  C4 

4 

-x 

4E 

17 

2? 

Deep  Creek 

20-Xov-S? 

am 

511  CO 

1127  CO 

S75  CO 

64"  CO 

179  00 

55"  OC 

'?:  x 

61600 

12"  OC 

5141  OC 

39  71 

14  18 

33.11 

7+4 

5 

-■; 

4E 

S3227 

2? 

Deep  Creek 

20-Nov-S9 

aoo 

779  CO 

527  co 

79?  CO 

5?T  CO 

1S4  00 

425  00 

53S  00 

30600 

5100 

-216  OC 

35  91 

8  7C 

22.^ 

9  5S 

6 

-X 

4E 

SWTM 

2? 

Deep  Cray. 

20-Xov-S9 

aoo 

91.00 

(522  CO 

pas  oo 

1152  OC 

2S5  00 

477  00 

187.00 

195  00 

223  OC 

4C+C  OC 

27  57 

8  46 

15-.+4 

S49 

- 

7N 

4E 

■1.316 

2? 

Deep  Creek 

20-Xov-S9 

aoo 

L273  CO 

745  CO 

955  CO 

"C3  CC 

21900 

392  00 

256  X 

13100 

4600 

-"20  OC 

22  12 

3  75 

13.-3 

16.17 

3 

7N 

4E 

'1.3126 

29 

Deep  Creek 

20-XOV-89 

aoo 

O.CO 

1281  CO 

690  CO 

613  CO 

214  00 

393  00 

+13  00 

25600 

IOC  OC 

4COC  OC 

:-^  -C 

9.15 

30.90 

S63 

S 

JN 

4E 

SZ26 

29 

Deep  Creek 

20-Xov-S9 

aoo 

O.CO 

1179  CO 

1009X0 

S32  CO 

331  Of 

64600 

633  00 

212  0C 

5100 

4?S3  OC 

38  1? 

5  28 

256" 

S51 

S 

~: 

4E 

SJ126 

29 

Deep  Creek 

D4Ngv-93 

aoo 

-94  CO 

"10  CO 

573  CO 

461  CO 

137  00 

2-S  00 

395  00 

248  00 

33  00 

534?  OC 

33  1" 

?  32 

19.20 

9  7S 

"N 

4E 

S3J3C 

19 

Deep  Creek 

04-Nav43 

aw 

O.CO 

58SCO 

"61  CO 

484  CO 

15"  JC 

r$  00 

252  00 

S2  00 

70  00 

265 3  OC 

30  91 

5-3 

20.02 

921 

JN 

4E 

S333C 

29 

Deep  Creek 

04-Xov-C5 

aoo 

O.CO 

5C4C0 

6^4  CO 

395  CO 

123  00 

201  00 

226  00 

2-"  00 

IOC  OC 

24-C  OC 

36  32 

14  05 

17.29 

6  8S 

3 

JN 

4E 

NW3S 

29 

Deep  Creek 

04-Xov-S3 

0.00 

O.CO 

HOC  X 

681  CO 

495  CO 

150  00 

278  00 

356  00 

125  00 

33  00 

3236  OC 

2? -2 

4  38 

19.90 

10  92 

4 

7N 

4E 

XW27 

29 

Deep  Creek 

0^-Xov-P5 

0.00 

O.CO 

1110.00 

685  CO 

388  CO 

105  00 

22600 

456  00 

306  00 

53  00 

532?  OC 

34  42 

10 -8 

20.49 

S72 

; 

7X 

4E 

S5327 

,_j 

Deep  Creek 

D4-Nov-93 

aoo 

O.CO 

922  CO 

372  CO 

461  CO 

144  00 

307  00 

33S  X 

90  00 

3000 

2664  OC 

34  12 

4  5C 

24.21 

9?5 

6 

7N 

4E 

SW26 

29 

Deep  Creek 

OS-Xov-C- 

aoo 

1015  CO 

62 1  CO 

633  CO 

465  CO 

107  00 

lie  X 

2-"  OC' 

199  00 

-100 

3547  OC 

in  o"* 

6-" 

13  .- 

15  31 

7X 

4E 

m: 

29 

Deep  Creek 

OS-Xov-C- 

aoo 

O.CO 

1»]  CO 

4^3  CO 

420  CC' 

124  00 

25100 

234  00 

9S  00 

56  00 

5K'"0C 

26  25 

4?" 

•  n    M 

1246 

; 

JN 

4E 

SE3C 

29 

Deep  Creek 

OS-Xov-S- 

0.00 

530  CO 

771  CO 

395  CO 

256  CO 

6"  CO 

153  00 

150  00 

55  00 

36  00 

2537  OC 

18  96 

3  5? 

'    ""     " 

1157 

t 

JN 

4E 

NW2S 

19 

Deep  Creek 

OS-Xov-S- 

aoo 

OCO 

3C5  CO 

283  CO 

289  CO 

111  00 

221  00 

17-00 

105  OC 

-0  00 

163  IOC 

4C  1C 

S3? 

34.40 

-26 

4 

JN 

4E 

NW27 

39 

Deep  Creek 

OS-Xov-9- 

1354  CO 

550  CO 

269  CO 

585  CO 

423  CO 

1S100 

352  00 

244  00 

57  00 

35  00 

4090  OC 

2198 

2  93 

14.57 

22  5S 

J 

7N 

4E 

ls"E2" 

2? 

Deep  Creek 

OS-Xov-C- 

0.00 

22:  CO 

615  CO 

399  CO 

265  CO 

-6  CO 

155  00 

100  00 

14  OC' 

8  00 

1867  OC 

19.44 

1  13 

1-  19 

17.06 

6 

7N 

4E 

■;.•.•"; : 

39 

Upper  D>ee:>  Creek 

05-A-.1E-91 

aoo 

O.CO 

654  CO 

43S  CO 

56"  CO 

139  00 

}9~  00 

+01  00 

3100 

29  00 

2"66  0C 

3?  56 

3  43 

23.S5 

121 

7-X 

5E 

.-_ 

3 

Upper  Deer  Creek 

05-A\ig-91 

aoo 

O.CO 

6C3  CO 

4C6  CO 

245  CO 

100  00 

225  00 

2-1  00 

-5  00 

38  00 

1903  OC 

34  1C 

4  36 

2-49 

9  8" 

7N 

5E 

17E 

3 

Upper  Deep  Creek 

OS-Ang-91 

0.00 

72$  CO 

421  CO 

170  CO 

71S  CO 

22"  00 

525  00 

51100 

90  00 

54  00 

-144  OC 

33  95 

3  -7 

25  OO 

10  62 

7N 

5E 

I'D 

3 

-pperDee?  Creek 

05-Ajg-91 

aoo 

O.CO 

1161  CO 

SC"  CO 

656  CO 

202  00 

4-3000 

29S  00 

5S  00 

28  00 

361 COC 

27  31 

0  5? 

J  :- 

1191 

7N 

5E 

i  "w 

3 

Upper  Dees  Creek 

05-A.12-91 

aoo 

351  CO 

3 14  CO 

68"  CO 

STC  CO 

296  DO 

63100 

335  30 

109  00 

30  00 

3"12  0C 

3?  53 

5  0? 

2555 

s  cs 

i 

7N 

5E 

17E 

3 

-?pe:Dee3  Creek 

OS-Ang-91 

aoo 

2?S  CO 

i:c~  CO 

436  DO 

352  CO 

102  00 

25400 

226  00 

34  00 

27  00 

2S56  0C 

22  5" 

2  15 

16.93 

15  85 

4 

JN 

5E 

1-D 

3 

Deep  Creek  (?nvi:el 

29-Apr-91 

aoo 

O.CO 

S3-  CO 

703  CO 

S7S  CO 

220  0C 

52"  00 

636  DO 

353  00 

92  DO 

5=1->0C 

-5  94 

1137 

23  95 

6  26 

JN 

51 

SW3I 

29 

Deep  Creeji  t?riv>:el 

29-Anr-9] 

aoo 

O.CO 

1393  CO 

94"  CO 

655  CO 

233  00 

5-000 

S3"  00 

5-2  OC 

12C  OC 

534"  OC 

43  P^ 

12  38 

27  25 

6  5S 

7N 

3E 

SW2S 

V1 

Deep  Creek  t?riv;:e) 

29-Anr-91 

TOO  CO 

0.00 

1121  CO 

:t'  DO 

522  CO 

l-c  00 

319  00 

506  00 

50S  00 

IOC  OC 

-5:"2  0C 

34-5 

13  '6 

13  12 

10  09 

7X 

3E 

SW38 

'3 

-eep  Creek  iPrivre) 

29-Ap:-9] 

OCO 

["24  CO 

6"  CO 

S3"  CO 

"??  CO 

29S  00 

748  00 

5SS  00 

536  00 

155  OC 

5343  OC 

36  35 

10  58 

210- 

10  2" 

- 

7N 

3E 

SU'CS 

29 

~eep  Creek  (Privse) 

29-Agr-91 

0.00 

214  CO 

1047  CO 

971  CO 

-22  CO 

222  00 

4-2  00 

233  00 

25000 

-3  00 

-204  OC 

2?  "3 

"21 

'"25 

10  59 

- 

7N 

3E 

SW38 

29 

Deep  Creek  [Private) 

29-Apr-91 

0.00 

250  CO 

420  CO 

$5"  CO 

-35  DO 

133  00 

m  90 

94  00 

116  00 

54  00 

5C05  OC 

24  3? 

5  9? 

1231 

10?" 

7N 

5E 

SU"2S 

29 

-eep  Creek  (?nv>:e> 

29-Apc-91 

aoo 

3C3  CO 

93SCO 

1097  00 

"2"  CO 

20S  00 

4S5  00 

326  00 

41S00 

155  OC 

-667  OC 

34  33 

12  4? 

17  33 

117 

5 

JN 

3E 

2S 

29 

-eep  creek  iPrivsel 

29-Apc-91 

0.00 

596  CO 

1499  DO 

1048  00 

S15  CO 

298  00 

659  00 

•33  X 

39100 

196  OC 

5835  OC 

32  17 

C1I6 

17  W 

9  06 

: 

7N 

3E 

23 

10 

-eep^reei  i?nv>:el 
Deep  Creek  t?riv?.:ei 

29-Apc-91 
29-Ap:-91 

a  co 
a  co 

O.CO 
0  CO 

16C0  CO 

1253  00 

931  CO 

234  00 

521  00 

156  X 

506  00 

15?  OC 

543C0C 

3C13 

15  15 

12  65 

9C4 

: 

7N 

3E 

2S 

2? 

_-jmp  C-ulch 

15-Aje-S? 

aoo 

O.CO 

925  CO 

SCS  CO 

545  CC' 

2-6  DO 

6. :  ;.. 
659  00 

•-••1  00 
S52  00 

344  00 
441  00 

39  00 
L  18.00 

-4"C  OC 
-5S4  OC 

-1  -:- 
5C51 

?  5? 
■  1  •  a 

35.64 
33  74 

68. 

4 

~"N 

3E 

OS 

_'.nup  Cmlc i 

IS-Ane-U 

aoo 

233  CO 

135"  CO 

6C"  CO 

491  CO 

256  00 

s-s  00 

905  DO 

+52  00 

235  OC 

5+S40C 

50  98 

13  62 

3251 

S  57 

. 

Helena  National  Forest 

McNeil  Core  Database  (continued) 

Strum  Name 

Date 

76.2  mm 

Sieve 
(Grams) 

jO.Smm 

Sieve 
(Grams) 

25.4  mm 

Sieve 
(Grams) 

12,7  corn 

Sieve 
(Grams) 

6.3  mm  Sieve 

1  Grams: 

4.76  mm 

Sieve 
(Grams) 

2,38  mm 

Sieve 
(Grams) 

0,85  mm 

Sieve 
(Grams) 

0,074  mm 
Sieve 

(Grams) 

-70,074  mm 
(Grams) 

Tout  Welsh! 
of  Sample 
(Grams) 

*»  Fines 

•  1  Fine 

Sedimeat 

(Reiser  & 

White  1988) 

'•Coarse 

Sedimenl 

(Reiser  & 

White  19SS) 

Geometric 
Una 

Site 

Township 

Range 

Section 

Ripariaa 
Ag2r«ate 

L'jmp  C-ulch 

15-Ajj-SP 

0.00 

oco 

5?4  CO 

S?5  DO 

3  "6  CO 

172  00 

492  00 

695  00 

59100 

184X0 

3999  OC 

53  56 

1P38 

29  63 

431 

2 

Lvnnp  Gulch 

15-Aue-SP 

ado 

-74  CO 

1 69  CO 

511  CO 

536  CO 

:-5  00 

406  00 

354  00 

817X0 

55  00 

-6S7  OC 

49X1 

18  S2 

27 .10 

5  73 

-■ 

Cjiuf  Gulch 

15-Aje-S? 

OH 

2U0O 

1531  CO 

"41  CO 

63?  CO 

234  00 

696  00 

1136  OC 

1347  OC 

13C  OC 

6665  00 

53  16 

13  1 6 

27  49 

4  79 

4 

Ljmp  C-ulch 

15-Ajs-SP 

■3  CO 

OCO 

133S  CO 

147.00 

6SS  CO 

262  00 

M900 

1032  00 

1135  OC 

56  00 

5967  OC 

51X5 

2?  96 

27  50 

4  ?S 

4 

5  Fk  Qmsitz 

15-Aue-S" 

0.00 

oco 

S33  CO 

781  CO 

664  CO 

:?s  dc 

1185X0 

S79  00 

43"  DC 

94  00 

5P10C 

55  95 

10  27 

39.91 

5  30 

3 

S  Fk  Q.anz 

15-Auz-S" 

0  CO 

0  CO 

S4SC0 

9CI  CO 

4CS  CO 

PC  cc 

37400 

415  00 

45S  3C 

372  OC 

5876  00 

-4  55 

115" 

20.35 

4  59 

S  Fk  Q-.ifJti 

15-Ajs-S" 

0  CO 

325  00 

920  CO 

646  CO 

341  CO 

in  00 

492  00 

52100 

6"S  DC 

11?  OC 

415?  00 

-6  33 

19.16 

2-55 

612 

2 

North  Fock  Qatrz  Creek 

31-Jul-?2 

oco 

OCO 

485  CO 

642  CO 

346  CO 

96.00 

19"  DC 

250  00 

273  00 

5100 

2340  OC 

37  05 

23  35 

19  10 

"12 

1 

8N 

5U' 

NW30 

10 

North  Fock  Qurj  C  reek 

31-JU-99 

0.00 

OCO 

28SC0 

:;:•  :c 

325  CO 

104  00 

is:  dc 

215  00 

31?  00 

-6  00 

1744X0 

-?56 

20  93 

22.75 

4  64 

: 

SN 

5W 

NW30 

3  3 

Xort  Fork  Quar.*  Creek 

31-1U42 

oco 

OCO 

:c:  co 

230  CO 

384  CO 

89  CO 

203  DC 

117X0 

39?  3C 

29  00 

1753X0 

53.48 

24  43 

23.97 

3. 00 

3 

S2N 

sw 

NU'30 

10 

North  Fotk  Qujtz  Creek 

3i-Jui-?2 

oco 

M0  CO 

425  CO 

268  CO 

216  CO 

SO  CO 

ISO  00 

:s:  dc 

2SS00 

5S00 

2167  OC 

4144 

16  43 

21.32 

7  52 

4 

8M 

5W 

2-7,i;  30 

ID 

North  Fotk  Cxj.'Tz  Creek 

31-M-93 

oco 

OCO 

P7j00 

289  CO 

4;:  cc 

143  00 

32100 

:?:■  DC 

19100 

3100 

1827  OC 

53  54 

12  15 

33  "2 

4  60 

5 

SN 

5W 

NT  25 

10 

North  Fork  Qur-z  Creek 

Jl-M-M 

oco 

1P6C0 

-s;  :o 

221  CO 

242  CO 

"1  CC 

132  00 

356  00 

330  00 

43  00 

212?  OC 

-6  12 

"  "  >"* 

:•'  2" 

6  29 

6 

SN 

5W 

NX  25 

10 

C'JJrtz  Creek 

15-Aug-S7 

oco 

OCO 

oco 

459  CO 

1355  00 

45S  DC 

115100 

1252  DC 

1524  00 

138  GO 

5357  OC 

71-6 

26  14 

53  12 

243 

: 

Kadv  Gulch 

15-AJ2-S? 

oco 

OCO 

580  CO 

954  CO 

734  CO 

176  00 

355  00 

519  00 

443  00 

55  DC 

3S16  0C 

40  57 

13  05 

22.90 

635 

1 

7N 

4\V 

c 

25 

IvCaepie 

Ol-Sep-95 

JCO 

OCO 

:--io 

281  30 

':?<:  "C 

1-0  10 

390  50 

-36  2C 

206  5C 

5000 

2265  60 

52  58 

1133 

35  37 

5  11 

1 

UN 

IE 

11 

:? 

Yaepie 

01-Sep-9S 

oco 

OCO 

109  60 

387  80 

476  60 

19"  30 

4-^2  SO 

35130 

H7  50 

92  00 

2295  40 

57  57 

13  92 

55  03 

4  05 

2 

UN 

IE 

1  ] 

29 

Maepie 

Ol-Sep-93 

oco 

oco 

36430 

315  IC 

360  CO 

14000 

353  5C 

368  70 

1S1  60 

2T00 

2U03C 

50  75 

9  38 

34.33 

5TS 

3 

UN 

IE 

■>] 

29 

Vaspie 

01-Sep-OS 

oco 

iC5  SO 

166  50 

316  PC 

41730 

1-130 

35010 

317  30 

19X0 

40  00 

2204  40 

-0  75 

3  58 

30.75 

S84 

4 

UN 

IE 

-\\ 

29 

Yaepie 

Ol-Sep-93 

oco 

o.co 

B.70 

551  20 

438.90 

15030 

331  3C 

217  00 

7490 

-900 

1P02  SO 

-3  25 

6  51 

28.84 

6  3C 

5 

UN 

IE 

T] 

29 

Magpie 

01-Sep-98 

oco 

o.co 

325  30 

184  10 

'.8610 

58  50 

1-5  10 

116  00 

76  70 

35  00 

1126  SO 

38  28 

9  91 

23  17 

-": 

6 

UN 

IE 

T] 

29 

Yajpie 

Ol-Sep-93 

oco 

0  CO 

O.CO 

263  50 

382  60 

138  30 

335  00 

189  50 

S2  0C 

4100 

143190 

54  S8 

8  5? 

3563 

4  63 

- 

3  IN 

IE 

1  ' 

29 

[BUI] 

2S-A-.1E-91 

oco 

310  CO 

6?"  CO 

117  CO 

827  CO 

2-4  00 

49"  00 

527  00 

30?  OC 

79  00 

-30"  02 

38-5 

P31 

23  "S 

7  89 

1 

SN 

3E 

4B 

3 

i3L\n 

2S-A-J2-91 

0.00 

1P4C0 

SOS  CO 

lose  dc 

"30  CO 

:-s  00 

523  00 

519  00 

356  00 

5600 

-494  OC 

:vS7 

0  17 

23.19 

S09 

2 

SN 

5E 

4B 

3 

(BLM) 

2S-Auz-91 

oco 

585  CO 

'"3"  CO 

"53  CO 

549  CO 

20100 

35-00 

308  00 

484X0 

>S  DC 

5842  OC 

36  91 

1437 

1751 

S42 

3 

SN 

5E 

4B 

3 

|31_M) 

28-A.1Z-91 

oco 

O.CO 

S36CO 

921  CO 

710.00 

197  00 

33900 

33S  00 

300  00 

73  00 

3"14  0C 

33  58 

1004 

18.33 

S20 

4 

SN 

5E 

4B 

3 

I31_\ri 

:s-aje-«i 

oco 

3P4  CO 

583  CO 

65S  CO 

524  00 

155  00 

336  00 

379  00 

212  00 

54  00 

350-  02 

34  57 

8  05 

21  65 

946 

5 

SN 

3E 

4B 

3 

[HIM) 

28-a-.iz-91 

oco 

90S  CO 

si:  CO 

"C4  CO 

554  CO 

190  00 

394 'DO 

292  00 

216  00 

39  00 

-108  OC 

2"  53 

6  21 

15"0 

13  5S 

6 

SN 

3E 

4B 

3 

Ctv  Creek 

r-0n-S9 

oco 

OCO 

S54  CO 

620  CO 

4?"  CO 

2  3:  DC 

501  DC 

55C  DC 

25C  DC 

5100 

3548  OC 

44.45 

S  "" 

29  90 

7  CS 

1 

SN 

4E 

SW2? 

3  16 

Ctv  Creek 

r-Oct-89 

oco 

O.CO 

63S  CO 

SC3C0 

786  CO 

31100 

"55  DC 

65"  DC 

155  DC 

-:■  3C 

-150  OC 

-6  34 

5  06 

::■  "3 

6  83 

2 

6N 

4E 

2.-.V  2v 

3  16 

Ctv  Creek 

17-Oet49 

1185.00 

352  CO 

235  CO 

684  CO 

1032  00 

358  00 

53P  DC 

156  DC 

1S5  00 

75  00 

-931  00 

2?  26 

5  2" 

15  "3 

1415 

3 

6N 

4E 

SW2P 

3  16 

23  r\  Creei. 

r  0:1-59 

oco 

560  CO 

S15C0 

666  CO 

4^6  00 

196X0 

4?C  DC 

616  00 

26?  00 

101  OC 

-12S?  00 

38  98 

8  53 

25  79 

9C7 

4 

6N 

-E 

SE2 

3  16 

Ctv  Creek 

P-Oct-SP 

oco 

0  CO 

430  CO 

S25  CO 

582  CO 

20-00 

455  00 

53"00 

303  00 

57X0 

3456  OC 

-6  35 

10  42 

30  44 

5  87 

5 

■"■: 

4E 

SE2 

3  16 

Dp.' Creek 

r-oct-s9 

oco 

O.CO 

917  CO 

43"  CO 

6C4  CO 

233  00 

49?  DC 

■525  3C 

350  00 

97  00 

3812O0 

-7  06 

114; 

19.49 

6  IS 

5 

■"■: 

4E 

23  2 

3  16 

Ctv  Creek 

r-Oct-S9 

oco 

O.CO 

65:  CO 

668  CO 

532  CO 

23100 

50400 

55"  DC 

423  DC 

54  00 

3730  OC 

5C58 

33  06 

31  15 

5  49 

5 

6N 

4E 

SE2 

. 

3  16 

Ctv  Creek 

17-Oct49 

SCI  CO 

476  CO 

5P9  CO 

564  CO 

454  CO 

133  DC 

432  00 

593  00 

177X0 

33  00 

-462  OC 

35  14 

8  37 

22.97 

12  02 

6 

6N 

4E 

SE2 

3  16 

Ctv  Creek 

17-Oct-» 

oco 

:■■:  co 

5C4C0 

"85  CO 

S30  CO 

3 : :  DC 

625  00 

550  00 

210  00 

53  DC 

-2-2  03 

-5  34 

6SC 

2932 

~  CO 

7 

6N 

-E 

SE2 

3  16 

2t\  Creek 

1"  C':t-J'P 

3  C D 

O.CO 

:i9co 

556  :c 

9P5  CO 

3"?  DC 

SOI  00 

293  00 

131  DC 

52  00 

3:;:o: 

-3  ■": 

6  15 

25.32 

623 

S 

6N 

4E 

SE2 

3  16 

Gipsy  Creek 

3l-Ajz-91 

D  CO 

o.co 

52SC0 

:"34  :;:: 

6?2  CO 

17600 

3-4  DO 

35100 

:"4  3C 

?:  dc 

3041  OC 

-0  58 

12 '34 

22.35 

6  29 

9N 

4E 

33A 

"*— 

Gipsy  Creek 

Ol-Auz-91 

oco 

o.co 

3  CO  CO 

776  CO 

"25  ;c 

19100 

-26  DC 

43?  00 

2S2  00 

10c  OC 

323?  OC 

■M-C 

1170 

16.71 

5  54 

9N 

4E 

33A 

:- 

Gipsy  Creek 

OI-Ajz-91 

oco 

oco 

989  CO 

"15  CO 

4^8  CO 

1-8  00 

334  00 

437  00 

394  00 

136  OC 

3621  OC 

3=74 

14  64 

2102 

6  75 

5 

9N 

4E 

33A 

u 

Lide  Camas  Creek  ;SFk; 

30-Jul-?l 

oco 

o.co 

70S  CO 

120"  CO 

780  CO 

228  CO 

+54  00 

460  00 

2S100 

5?  DC 

-197i3C 

55  70 

8  34 

22.02 

7.85 

; 

9N 

4E 

213 

1122 

little  Camas  Creek  (SflsJ 

30- Jul-?  1 

oco 

o.co 

4c:  co 

1147.00 

S46C0 

329  CO 

454  00 

452  DC 

2-5  00 

56  00 

5P5C OC 

39  39 

7    S7 

2  3  .  P 

7.03 

2 

9N 

4E 

233 

1122 

lide  Camas  Creek  [S-Fk.] 

30-M-91 

0.00 

o.co 

S3SC0 

S83  CO 

791  CO 

252  CC 

447  00 

-:  dc 

170  30 

5100 

3874X0 

35  16 

5  7C 

•  ■■  0-- 

S62 

9N 

4E 

2:3. 

li:2 

Unit  Camas  Creek  (S Fk.'. 

3'3-Jul-Cl 

oco 

447.00 

419  CO 

"13  CO 

"2  CO 

3  CO  CO 

51?  00 

5-4  3C 

20600 

5100 

3771  OC 

.v  56 

6  32 

::•  33- 

S.S" 

9N 

4E 

213 

..  22 

Urie  Camas  Creek  :SFk.l 

30-Jul-C  1 

oco 

52S  CO 

333  CO 

5+6  CO 

320  CO 

PS  CO 

290  00 

33"  00 

112  00 

37  00 

2402  OC 

36.43 

A   "'■"■ 

%  A   "  f> 

945 

5 

9N 

4E 

213 

1122 

hide  Camas  Creek  [SHl] 

30-Jul-S] 

oco 

OCO 

510  CO 

6P3  CO 

643  DO 

"5  CO 

348  00 

3S1  00 

22?  DC 

-6  30 

5025  00 

58  98 

9X9 

24  :c 

7.13 

4 

92< 

4E 

213 

11/33 

Slouch  Creek  ;D-11 

19-Jul-W 

oco 

0.00 

31:  CO 

61S  DO 

523  CO 

195  00 

33100 

117X0 

116  DC 

5?  00 

2341  OC 

:v93 

"-S 

n  11 

"36 

3 

Slouch  Creek  ;D-ll 

I9-JU4M 

oco 

o.co 

443  SO 

517.40 

3?3  LO 

11 100 

134  "0 

136-0 

-"DC 

44  00 

1977 JO 

36  46 

-  5; 

15  2- 

10  39 

] 

Slough  Creek  :D-1) 

19-Jul-?- 

oco 

oco 

-■■>•-  20 

56S  CO 

426  90 

.-:  ;c 

233  40 

126  50 

5"  90 

152  OC 

2211  iic 

5125 

8  5? 

1523 

3  25 

: 

3 

Elk  Creek 

19-Jul-M 

oco 

o.co 

433  10 

SSS  60 

46S  10 

97.10 

113  70 

33  30 

9090 

53  00 

2242  SC 

19X8 

6  35 

178 

10  82 

25 

Jk  Creek 

I9-M44 

oco 

o.co 

555  10 

41S  80 

33S  80 

91.40 

18130 

1-P  30 

86  -C 

-6  00 

1S67  1C 

2?5? 

7.09 

17    "1 

9  "3 

2 

25 

21k  Creek 

I9-M-94 

oco 

o.co 

482  90 

"15  10 

5P6  ?0 

208  30 

39"  50 

235  90 

93  SO 

SI  00 

2S115C 

36  16 

A   >1 

J5  ;: 

SCO 

: 

25 

- 

Elk  Creek 

:?-jd-c- 

oco 

oco 

80  CO 

907  60 

5C2  70 

1-4  90 

21150 

174X0 

121  50 

PS  DC 

2241 2C 

33  50 

Z  "3 

'  7  Z> 

6  "6 

- 

25 

Elk  Creek 

19-Jul-S- 

oco 

oco 

"14  CO 

55C  60 

550  20 

1S5  "0 

3-2  50 

23?  50 

173J0 

31  DC 

j  :3  0  ■;•  ■:■  3 

3"  32 

8  "8 

21  S3 

"8S 

! 

25 

Helena  National  Forest  McNeil  Core  Database  (continued) 


Strum  Name 

Date 

76,2  mm 

Sieve 
(Crams) 

50. S  mm 

Sieve 
(Grams) 

25,4  mm 

Sine 
(Crams) 

12,7  mm 
Shi 

(Crams) 

6.3  mm  Sieve 
(Grams) 

4.76  mm 

Sieve 
(Grams) 

2.38  mm 

Sieve 
(Grams) 

0,85  mm 

Sieve 
(Grams) 

0,074  mm 

Sieve 
(Grams) 

■=^,074  mm 
(Grams) 

Total  Weight 
of  Sample 

(Grams) 

•■I  Fines 

i)  Fun* 

Sediment 

(Reiser  & 

White  1988) 

MCoarse 

Sediment 

(Reiser  & 

White  19SS) 

Geometric 
Meaa 

Site 

Township 

Raige 

SecrjOB 

Ripirun 
.Igjreiate 

Elk  Creek 

19-Jul-S- 

OH 

oco 

512  50 

^91  ?o 

3"S  50 

1-020 

265  30 

21020 

75  50 

16  00 

239C  3C 

29  58 

3  33 

19.S9 

10  50 

6 

25 

3i=Cani>;  Creek 

28-j-jn-fti 

0X0 

oco 

1926  CO 

1124  00 

351  CO 

PC  CC 

2-6  00 

252  00 

9?  00 

3100 

4119X0 

n-3 

3  :  i 

12  09 

16  41 

9N" 

4E 

NBU 

2- 

3i»Cmv.;  Creek 

28-J-jh-9^ 

0.00 

o.co 

1144  CO 

777  CO 

324  CO 

99  CO 

185  00 

1-8  00 

S900 

2?  00 

2"95  0C 

1=58 

-22 

11.91 

14  61 

2 

9N 

4E 

XT  15 

a. 

=il=  CnHi  Creek 

2BJu>94 

IL00 

34:  CO 

1044  CO 

5C2  CO 

218  CO 

69  CO 
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12C0  CO 

562  CO 

373  CO 

13S  CO 

353  00 

450  00 

+32  00 

4S  00 

34S5  0C 

38  "7 

1291 

US? 

1.03 

32 

3L'.ckf6«  (Hejnville) 

13-Xov-?5 

1393  CO 

58  _  CO 

S52  CO 

"5"  CO 

466  CO 

176.00 

416  00 

414  00 

449  3C 

56  30 

5775  0C 

26  34 

SP2 

143" 

16  90 

^ 

Bbckwo:  (Helniville) 

13-Xov-95 

100 

1?;  CO 

625  CO 

1545  CO 

;"3  CO 

1C6C0 

135  DC 

155  00 

43S  30 

21  30 

3843  0C 

23  55 

1194 

8.85 

10  43 

• 

^^ 

3lickK>«  (Hejuville: 

13-Xov-?5 

o.co 

2SS  CO 

1392  CO 

1123.00 

"C9  CO 

122  CO 

526  30 

536  30 

459  3C 

7100 

5343  0C 

34  2" 

1C24 

19.88 

9.20 

: 

-;- 

Helena  National  Forest  McNeil  Core  Database  (continued) 


Strum  Name 

Date 

76.2  mm 
Sieve 

(Cram:) 

50. S  nun 

Sieve 
(Grams) 

2?.J  mm 

Sieve 
(Grams) 

12."  mm 

Sieve 
(Grams) 

6.3  mm  Sieve 
(Grams) 

4,76  mm 

Sieve 
(Grams) 

2,38  mm 
Sieve 

(Grams) 

0,8?  mrn 

Sieve 
(Grams) 

0,074  mm 
Sieve 

(Grams) 

CO" i  mm 
(Grams) 

Total  Weight 
of  Sample 

(Grams) 

*»  Fines 

HFine 

Sedimtat 

(Reiser  & 

White  1938) 

*tCoarse 

Sediment 

(Reiur  & 

White  19SS) 

Geometric 

Mean 

Site 

Township 

Raige 

Sertioi 

Rrpanai 

.\gsre»ate 

3Lickfoa  (Helmville; 

13-Xor-95 

J  C  3 

O.W 

1708  00 

951  CO 

551  CO 

:?i  co 

39400 

375  00 

399  00 

39  00 

4599  OC 

29  96 

9  52 

16  77 

10  52 

4 

32 

3lackfoot  Calrarii 

09-Xov-94 

ow 

-?"  N 

P95  CO 

1X3  11 

""2  CO 

235  00 

505  CC 

42C  JC 

■"4  DO 

138  OC 

541 8  OC 

32  28 

1421 

1441 

9  29 

14X 

9\V 

21.28 

32 

3Lickfoo(  (IXtra) 

W-Nov-P- 

957  CO 

O.W 

1:9- co 

"C5  CO 

6"2  CO 

20"  00 

487X0 

45"  JC 

592  00 

41  00 

5325  OC 

33  59 

11S9 

17.92 

11  17 

14X 

9W 

21,28 

32 

3Uxk£boi:  Calton) 

W-N'c.-C- 

OW 

o  to 

1710.00 

105600 

S5S  CO 

255  00 

541  00 

549  00 

"36  00 

62  00 

5897  OC 

37  19 

14  38 

IS  45 

"82 

14X 

99 

21.28 

32 

SUekfooc  (Caltcaj 

09-Nov-94 

0.00 

0.00 

689  CO 

1971O0 

1  OS  100 

CI  100 

76  CO 

13  00 

939  00 

PC  00 

5051  OC 

25  92 

2196 

1  "6 

691 

2 

:4X 

■n 

21.28 

32 

3UekK>«  COalum) 

W-Xc-C- 

0.00 

536  CO 

1029  CO 

1  ISO  00 

S12  CO 

23S  00 

375  00 

C35  CC 

455  00 

PC  CC 

5318  OC 

")~i  4"T 

0  59 

12  41 

1123 

J 

:-rx 

9V 

21.28 

32 

3l«kfo«  (Ultra) 

09-N9V-94 

0.00 

tor  co 

915  CO 

"55  CO 

731  CO 

234  00 

i9'  00 

4-?  JC 

672  00 

32.00 

5J4J  OC 

34  39 

411 

16.40 

9  49 

4 

:-rx 

9V. 

21,28 

32 

3Uckfoa  (He-ruville; 

:5-X<r.-C- 

0.00 

0  CO 

364  CO 

2083  CO 

S80  CO 

C4"  00 

1S4  00 

90  CO 

S09  00 

5 1  CC 

4608  OC 

27  30 

8  66 

5  95 

733 

:4x 

nw 

25 

32 

BUekfbot  (HelrnviCle: 

1 5-Nov-94 

ow 

O.W 

1916  CO 

S80  CO 

847.00 

202  CO 

416  JC 

374X0 

43S  00 

41  DO 

4964  OC 

30  54 

0  66 

15.91 

10  25 

1 

:4x 

I1W 

25 

32 

BUckfoot  (Helmville) 

I  5-NOV-94 

0.00 

1393  CO 

1430  CO 

-?:  cc 

664  CO 

212  CO 

326  CC 

233  00 

1CJ  JC 

19  00 

5193  OC 

17  58 

i  73 

10  "6 

19  99 

- 

:4x 

11  w 

25 

CC 

3Lackfo«(HsJni'Lle: 

:  5-xov-?- 

0.00 

0.00 

972  CO 

1197.00 

"23  CO 

243  CO 

500  00 

63"  00 

1149X0 

4000 

5461  OC 

47  04 

11  - 

20  S2 

5.23 

2 

:4x 

uw 

26 

32 

BUckmot  (Helmville': 

1 5-Xc.  •?- 

0.00 

O.W 

622  CO 

P43  CO 

S32  CO 

226  CO 

44600 

5JS  JC 

1294  00 

32  00 

5^03  00 

43  94 

23  25 

16"3 

5.17 

3 

:4x 

:iw 

26 

32 

3lackfoot(HeJirnJe) 

:  i-xc. ■-?- 

0.00 

0.00 

144"  CO 

1250  CO 

639  00 

2C0  CO 

39S  00 

30S  00 

544  00 

58  00 

4S54  0C 

312" 

12  61 

14  54 

914 

4 

:4X 

uw 

25 

32 

3lickfo«  (Xev  CM 

W-Xoi-C- 

ow 

521  CO 

443  CO 

1448  00 

12S2  00 

2S100 

422  00 

323  00 

639  00 

35  00 

5444  OC 

32  15 

C3JC 

13.68 

so: 

:4X 

1JW 

34 

2*i 

3Laikfo«  fNev  Ojd) 

W-Xc.c- 

ow 

0X0 

1143  CO 

137900 

10"1  CC 

27400 

4'1   JC 

494  00 

1159  00 

91  JC 

5052  OC 

40  92 

20  55 

15  XI 

:"  ?•" 

:4x 

IOW 

34 

32 

3L«kfo(X  (Xev  CM 

Cr?-N'ov-C- 

JCJ 

O.W 

1-65  CO 

1564  00 

952  CO 

183X0 

21400 

121  CC 

65"  00 

132  00 

5638  OC 

24  07 

14  58 

594 

9  54 

:4x 

10W 

34 

CC 

3Latkfo«  (Xev  0*d) 

09-Xov-C4 

0.00 

859  CO 

920  CO 

9"S  CO 

692  CO 

2-^5  00 

517  00 

:"3  CC 

555  00 

53  00 

5412  OC 

36  2^ 

.  1  6C 

20.14 

9  29 

2 

.-:, 

IOW 

34 

CC 

3lAckfo«(XevO|dl 

W-Xov-94 

3  CO 

O.W 

Hi  CO 

U74J00 

913  CO 

26100 

413  00 

25"  00 

1152  00 

37X0 

5165  00 

4143 

23  21 

13 

\  <^ 

3 

14X 

IOW 

34 

cc 

BUekfooc  (Xev  CM 

OP-Nov-94 

ow 

0.00 

126S  CO 

1  "4  Ci 

117"  00 

2S0  00 

3""  JC 

15200 

541  00 

153  00 

532  OC 

26  40 

228 

9  23 

3  96 

4 

14X 

IOW 

3- 

32 

3LickW«  nver  i'Jct) 

IC-Xov-93 

0.00 

989  CO 

1394  CO 

9C5  CO 

"73  CO 

24100 

493  00 

652  00 

63"  00 

74  00 

6158  OC 

34  05 

155 

13  ■'? 

10  04 

: 

ION 

:iw 

XE25 

32 

3licktbK  river  'Jet} 

lO-Nov-93 

ow 

O.W 

1642  CO 

1532  00 

S3S  CO 

3  JC  CC 

573  00 

6S000 

80100 

S3  00 

5449  OC 

37  79 

3  71 

19.43 

"  5" 

: 

:cx 

nw 

XE25 

32 

3Uekfo«  nver ;  Jet; 

ic-xov-93 

0.00 

2C9  CO 

15C9CO 

1356  00 

S19  CO 

CSS  JC 

532  00 

59"  00 

829  00 

77  00 

5196  0C 

37  17 

4  62 

1S.22 

7  80 

:cx 

uw 

XE26 

32 

3U<:kfoot  river ;  Jet} 

lC-Xov-93 

ow 

O.W 

14C9  CO 

1556  00 

i:s"  cc 

314  00 

502  00 

_--:■£  jc 

559  00 

1600 

501 1  OC 

29  26 

9  73 

14  31 

940 

; 

cox 

:iw 

XE25 

:C 

3Uckfbot  nva  [Jet} 

ic-xor-e; 

ow 

589  CO 

1282  CO 

1044JOO 

751  CO 

27S  00 

559  00 

"CC  cc 

786X0 

58  00 

5059  OC 

39  -C- 

13  93 

20.9S 

S03 

3 

:cx 

nw 

XE25 

CC 

3lickfo«  river  [Jet} 

ic-xov-93 

o.w 

1102  00 

1079  CO 

1259  00 

1015  00 

2"5  JC 

45C  CC 

44C  JC 

"29  00 

59  00 

5437  OC 

30  "9 

12  40 

1J11 

10  25 

4 

:cx 

uw 

XE25 

M 

BUekfoot  River  lEalwni 

08-N'ov-95 

0.00 

380  CO 

9?S  CO 

S88  CO 

S66  CO 

203  CO 

306X0 

3  5"  00 

455  00 

53  00 

4526  OC 

50  SO 

1144 

14.17 

9.3S 

:4X 

9W 

XE2S 

32 

3Ltcktb«  River  (Dalloali 

08-Xov-93 

ow 

PCS  CO 

9C0  CO 

646  CO 

545  SO 

173  CO 

354  00 

+53  00 

(540  00 

2400 

5453  OC 

CM)  33 

121S 

149S 

lC  "5 

I4N 

9W 

XE2S 

CC 

3Uekfo«  ?jver  (Batton) 

08-Xor-93 

0.00 

925  CO 

1198.00 

1044  CO 

"99  CO 

203  CO 

292  00 

391  00 

620  00 

42  00 

55C4  0C 

28  07 

.2  01 

12.39 

1C29 

I4M 

vV, 

XE23 

.-: 

3Licktb«  River  (Cal»ai 

08-Xov-95 

0.00 

O.W 

14(5-  CO 

1461  CO 

445  CO 

55  00 

45  00 

4  CO 

26100 

72  00 

381  "OC 

1145 

8  "2 

128 

15  15 

:4x 

9\\ 

NW  2" 

32 

3Ucktbot  River  (Dakoa) 

08-Nov-95 

ow 

710  CO 

13C4C0 

871  CO 

694  00 

C  96  CO 

29"  JC 

195  CC 

512  00 

17X0 

4619  OC 

26  S5 

1159 

10  71 

12  12 

3 

:4x 

9\V 

NW27 

?i  ■% 

3Lick6DK  River  QMM 

08-Xov-95 

ow 

33"  CO 

1063  :c 

994  .:. 

553  CO 

182  00 

353  JC 

442  JO 

533  00 

3600 

4993  OC 

30  96 

1140 

15  92 

10  9S 

4 

:4N 

9W 

XE2" 

32 

Sliektbw  K.  (Xev-  Ofdl 

09-Xov-95 

0.00 

0.00 

9T3C0 

1377J00 

1177  00 

391  00 

593  00 

43C  JC 

517X0 

144  OC 

5602  OC 

37X4 

use 

CS.26 

7  13 

:4x 

IOW 

:.7,i;c- 

32 

3Urkfo«  R  (Xev-  Ogdl 

09-Xov-93 

0.00 

344  CO 

652  CO 

cc.*:  cc 

15S2  00 

I40U00 

115  00 

158X0 

787  00 

9100 

6159  OC 

2C96 

14  26 

443 

9  20 

:4x 

IOW 

N7.V  34 

a  ^ 

SUekrbw  R.  (Xev-  Djd: 

09-Xov-95 

0.00 

0.00 

15S7.00 

1778J00 

931  00 

200  00 

233  00 

2SS00 

626  00 

136  JC 

S^POC 

26  44 

13  C4 

9  55 

927 

14X 

IOW 

NW34 

T}'* 

BUckfbw  R.  (Xev-  Ogdl 

09-Xov-95 

0.00 

it:  co 

12C4  CO 

""73  CO 

"29  00 

256  JC 

465  00 

412  00 

1058  00 

56  CC 

5615  00 

40  02 

19  66 

15.62 

"  55 

2 

.-:■ 

IOW 

XE34 

32 

3Licktb«  R  (Xev-  O^d: 

09-Nov-93 

0.00 

MAO 

13  50  CC- 

1CCC  )C 

95'  CO 

236X0 

455  00 

495  00 

817X0 

-6  JC 

5(564  OC 

36  18 

C5  24 

1577 

"59 

3 

14X 

IOW 

XI  34 

1  "V 

BlKUbM*L(S(V-CM 

09-Xov-93 

ow 

0  CO 

ll  99  CO 

233SOO 

909  00 

111  00 

49  CO 

12  JC 

MO  00 

111X0 

5"39  00 

2156 

18  66 

106 

3  95 

4 

'.4X 

IOW 

XE  34 

1  1 

3Lick»oc3_  (Moose  C:': 

05-Xov-92 

0.00 

314  CO 

~C3  CO 

14)9  00 

1099  00 

224  00 

2S9  00 

15C  CC 

213  00 

104  00 

4523  00 

22  -r 

T01 

CO  10 

10  92 

:4x 

.  JW 

NW  34 

}*  ^ 

3lick»«R.  (Moose  C:l 

05-Nov-92 

ow 

0.00 

773  CO 

932  CO 

101" 00 

27OX0 

456  00 

;-"c  cc 

423  00 

115  00 

4344  OC 

17J4 

2  38 

U.74 

6  85 

14X 

.  CV," 

NW  34 

32 

3L'xkro«R  (Moose  C:l 

05-Xov-92 

0.00 

475  CO 

104S  DO 

1072  00 

"4"  00 

C5100 

303  00 

237X0 

51100 

5100 

4595  OC 

n  n 

2  23 

11  "5 

10  54 

:4x 

IOW 

NW  34 

^  "\ 

3L'.cktbocRi;Moo;eC:l 

05-Xov-92 

0.00 

0.00 

1570.00 

790  CO 

5^6  CO 

189X0 

Cii  CC 

434  00 

516  00 

2900 

-499  OC 

34  16 

211 

PS5 

9C5 

14N 

IOW 

NB34 

32 

3UekK>otR  (Moose  Crl 

05-Xov-92 

)H 

0.00 

IOCS  CO 

1022  JC 

5  "9  CC 

17600 

35"  JC 

319  00 

445  CC 

22  00 

3928  OC 

33  58 

1S9 

17211 

S66 

3 

:4x 

IOW 

MB  34 

•*  ■> 

3Lickto<x  R.  (Moose  C:  | 

05-Xov-92 

0.00 

O.W 

1C1CC0 

13S5  00 

9"2  CO 

187  00 

CCC  JC 

112X0 

606  CC 

26  00 

4606  OC 

24.73 

:--'i 

•  ■■■: 

9  55 

4 

:4X 

IOW 

XE34 

3- 

BLtcktbix  R  (let  2T2j 

C2-Xov-92 

ow 

2?  5  CO 

1085  CO 

995  CO 

339  CC 

317  00 

737  DO 

C1C  cc 

534  00 

33  00 

5695  OC 

43  55 

CS3 

2"  15 

"12 

C4X 

uw 

XE25 

32 

3lick»«  R  (Jo  272] 

:2-Nov-92 

0.00 

0.00 

449  CO 

::::  cc 

131100 

C"  cc 

159  JO 

194  00 

1 104  00 

34  00 

5640  OC 

29  57 

20  18 

6  26 

6"! 

I4N 

uw 

XE25 

■"•■> 

3iick»«  r  (let  2";; 

:2-Xov-92 

0.00 

0.00 

984  CO 

1518X0 

103" 00 

294  30 

50S  JC 

C5C  JC 

9  "0  00 

'  4  JC 

5"S4O0 

37  95 

;7"o 

1515 

,-,  -"0 

14N 

nw 

CTC: 

''^ 

3lsckK><v  R  (.'-  2"21 

12-Xov-92 

0.00 

0.00 

1010  CO 

1191X10 

1C59  00 

42S  00 

S9P  JO 

"45  00 

S9"  00 

50  OC' 

53S9  OC 

4"  25 

14  S2 

2S  ""5 

5.77 

I4N 

nw 

XE25 

•*  t 

3Uek»«  R.  (.'a.  2"2; 

'.2-Xov-92 

0.00 

0.00 

1419  CO 

1355  00 

"35  CO 

256  00 

5"S  00 

653  00 

CC:  CC 

5"  00 

56"S  OC 

38  02 

1154 

C!  63 

IT) 

4 

I4N 

uw 

XE25 

■*1 

31ick»K  R  CCuJton; 

05-Xo\-92 

0.00 

1178.00 

926  CO 

"53  CO 

342  CO 

81  CO 

15600 

215  00 

4.:  y:. 

56  00 

4119X0 

cc  ;- 

1136 

9  01 

15  12 

C4X 

9\V 

XE23 

V% 

3liekto«  R.  (Dalronl 

05-Xov-92 

0.00 

334  CO 

19"6  CO 

SS3  CO 

449  CO 

84  CO 

14S  00 

135  00 

4"c  JC 

5"  00 

-60  2  no 

::  3: 

.1  1. 

'24 

1'  64 

:4x 

9\V 

Cxi  23 

}> -\ 

3Uck»«  R  (Diltnn; 

05-Xov-92 

0.00 

1149.00 

1C44C0 

1002  CC 

603  CO 

CS6  00 

52"  00 

43"  00 

655  JC 

4]  00 

5524  OC 

2944 

12  "8 

15  29 

115" 

:4x 

9W 

XE23 

■3> 

SUekfooc  R_  (Dsltonl 

05-Xov-92 

0.00 

23SC0 

1397  CO 

115600 

662  CO 

CO"  cc 

-CC  cc 

22"  00 

296  00 

CC  JC 

4-44  OC 

2"  21 

7  06 

15  79 

11.68 

:4x 

9W 

NW  27 

1  J 

BLiektbK  R.  iXelton: 

05-Xov-92 
Q5-Nov-92 

0.00 

0.00 

1542  CO 

ICO"  00 

692  CO 

191X0 

33"  00 

377  00 

3"  100 

34  DO 

4901  OC 

2"  "5 

8  26 

15.59 

11.18 

: 

:4x 

9V, 

XW2" 

;  "> 

BIlck&M  i  Aspec  Grovel 

03-Xov-C2 

50*  JO 

341  CO 

91 S  CO 

C-5C  K 

60  00 
392  00 

.5   00 
C22  00 

23S  00 

2  SO  00 

23?  00 

253  JC 

339  DO 

tos  00 

135  OC 

19  30 

4:3"  00 
3292X0 

2"  36 

11  55 

3  36 

12  63 

15  19 

9  52 
P90 

4 

.4X 
15X 

9W 
7V 

XE  2 
NW35 

}j^ 

BUckMK  i  Aspen  Grovel 

05-Xov-92 

0.00 

403  CO 

USTflO 

603  CO 

425  CO 

153  00 

305  00 

290  00 

12s  00 

2"  00 

3490  OC 

25  3" 

444 

1"05 

14  02 

I5N 

7W 

NW33 

5  ^ 

Helena  National  Forest  McNeil  Core  Database  (continued) 


Strum  Name 

Date 

"n  :  mm 

Sieve 
(Grams) 

30. 3  nun 

Sieve 
(Grants) 

25,4  mm 

Sieve 
(Grams) 

12."  nun 

Sieve 
(Grams) 

6.3  mm  Sieve 
(Grams) 

4.76  mm 

Sieve 
(Grams) 

2.38  mm 

Sieve 
(Grams) 

0,85  mm 

Sieve 
(Grams) 

0.074  mm 

Sieve 
(Grams) 

•=0.0^4  mm 
(Grams) 

Total  Weight 
of  Sample 
(Grams) 

*»Fm«s 

MFine 

Sedimeat 

(Reiser  & 

White  1988) 

♦•Coarse 

Sediment 

(Reiser  or 

White  1988) 

Geometric 
Mean 

Site 

Township 

Range 

Section 

Riparian 
Aggregate 

3lKkfo<x  I Asper.  Grove; 

03-Xov-?2 

DUOS 

2"6C0 

956  CO 

S16  CO 

53?  CO 

139  00 

252  00 

255  00 

135  00 

-0  00 

3425  OC 

24+" 

5  20 

15.21 

12  66 

2 

1427 

-VI* 

XWS 

32 

3Uck£bw  (Aspen  Grove) 

03-Xov-?2 

O.M 

-22  CO 

914  CO 

632  CO 

572  CO 

135  00 

300  00 

236  00 

2-P  00 

36  00 

359?  OC 

29+2 

7  92 

15.23 

1140 

I4N 

7V 

XU'S 

32 

BUcktbot  (Asper.  Grove; 

03-Xor-52 

997  CO 

316  CO 

"53  CO 

683  CO 

334  CO 

65  CO 

111  00 

53  00 

105  00 

22  JC 

343 5  OC 

10  35 

5  5? 

4.-7 

11  6* 

j 

14X 

7,V 

KB  13 

3 . 

3L»ck£ba  f  Asper.  Grove; 

03-Xoy-?2 

0.00 

0CO 

13  "0C0 

5C2  CO 

443  CO 

12S  00 

254  00 

353  00 

US  00 

34  00 

3242  OC 

28  5? 

4  5? 

19.95 

1185 

4 

142." 

m 

NT  13 

32 

No  ?k  3Lickfoo>:  R 

15-Oct-92 

O.M 

OCO 

13 "2  CO 

157SJ0O 

695  CO 

150  00 

252  00 

256  00 

4"S  00 

53  00 

-S3  IOC 

2*51 

10  95 

10.52 

10  50 

MM 

11V 

NW  23 

25 

No  Fk  3lackfoo:R 

15-Oct-92 

O.M 

OCO 

9?  5  CO 

1.-4  j: 

722  CO 

I""  JC 

315  00 

424  00 

895  00 

+"  00 

-"15  OC 

39  37 

15  96 

15.65 

6  29 

MR 

I1W 

NW  23 

Jj 

N'o  Fk  3ladsioo:  R. 

15-Ocr-92 

O.M 

3"S  CO 

13C4  CO 

^84  CO 

730  CO 

204  00 

+50  00 

572.00 

309  00 

3"  00 

52"8  OC 

29  97 

6  56 

19.55 

11  13 

2 

UN 

mv 

NW23 

25 

Mo  Fk  3tockibo:R 

15-Oct-92 

ICO 

1010  CO 

TC2CC 

132400 

"53  CO 

234  00 

453  00 

sauo 

370  00 

52  00 

5429  OC 

25  51 

6  77 

15.15 

13  4S 

C 

'  6\ 

uw 

NW  23 

25 

N'o  Fk  3iackfo(xR 

15-Oci-92 

CM 

-89  CO 

1411  CO 

582  CO 

5:i  CC 

190  00 

+0000 

50?  JC 

25000 

3d  3C 

-4+ 5  OC 

31  38 

6  56 

:  3  +■" 

1167 

2 

KM 

I1W 

W23 

25 

No  Fk  3lockfoo!  R 

15-CW-92 

O.M 

OCO 

lorco 

12-2  00 

431  CO 

=3  CC 

3-4  00 

655  00 

32/00 

5?  JC 

419000 

35.77 

9+6 

C-  09 

S12 

} 

UK 

uw 

SHU 

25 

No  Fk  31acki<xx  R 

15-Oct-92 

J  CO 

34"  CO 

19?6  CO 

'66  CO 

425  CO 

106  00 

155  00 

194  00 

72  00 

TOO 

-C92  OO 

13  54 

2  17 

8.S" 

20  20 

4 

ION 

IIW 

S33  14 

2" 

N'o  Fk  3lackibo:R 

15-Oct-92 

O.M 

369  CO 

S85  CO 

1153  00 

758  CO 

153  00 

33"  00 

376  00 

1--  00 

36  00 

+"34  OO 

-.-i  ;- 

3  5" 

1505 

14  33 

: 

16X 

uw 

SH  14 

:-■ 

N'o  Fk  3bckfoo-t  R 

i5-Oct-92 

O.M 

383  CO 

1482  CO 

rsooo 

25S  CO 

16  CO 

43  CO 

53  00 

154  00 

SI  00 

+230  OC 

8+4 

5  "5 

]  wl 

13-C 

5 

16N" 

uw 

SHU 

25 

suckfoor  r  oa 2"; 

a-Nm-o] 

O.M 

559  CO 

T42  CO 

1039  00 

1012  00 

}-}  00 

79&00 

950  00 

680  00 

S2  00 

7553  OC 

37.75 

c :  0? 

23.12 

9  07 

1427 

1 1  Vv" 

25A 

^"> 

3Uckfoo(  r  oa :":; 

20-Xov-91 

3.C-3 

170  CO 

1S64  CO 

133" 00 

974  CO 

309  00 

632  00 

550  00 

617  00 

72.00 

5^25  OO 

33  15 

1025 

13.32 

9  49 

14X 

11U" 

25A 

32 

3Uckro«  R  'Jet  272} 

20-Xor-?1 

O.M 

O.CO 

1612  CO 

15-- 00 

1055  JC 

323  00 

64000 

626  00 

737  00 

if  JC 

560C  OC 

35  15 

12  08 

19.13 

7  as 

1427 

nw 

25A 

32 

3Uck»<x  r  i.'n  222; 

20-Xov-91 

O.M 

OCO 

12  S3  CO 

2M100 

143" 00 

367  00 

63"  3C 

4S000 

1C94  0C 

'5  CC 

-4."  OC 

35  M 

15  72 

15.65 

6?7 

2 

14X 

11W 

25A 

32 

3Lickfo«  R  Oa  272} 

20-Xov-91 

O.M 

OCO 

711  CO 

177M0 

142100 

295  00 

"P:"  3C 

43100 

?9C  JC 

'?  JC 

5298  OC 

37  95 

169" 

15.29 

613 

5 

14X 

11T 

25A 

32 

3Ucktb<x  R  (Jet  272) 

20-Xov-Sl 

OCO 

546  CO 

1965  CO 

13S600 

707  CO 

214  00 

499  00 

582  00 

:-:  JC 

152  OC 

569?  OC 

2?  "4 

10+0 

151+ 

10  "1 

4 

14X 

nw 

25.4. 

32 

BUcktbot  (Moose  Crk: 

19-Xav-51 

O.M 

O.OO 

649  CO 

1493  00 

139S  JC 

395  00 

7*32.00 

354  00 

5  35  JC 

36  00 

5620  OO 

3"  31 

1101 

18.97 

"19 

1 

14X 

10W 

3+3 

52 

3Ucktb«  (Moose  Crk: 

i9-xov-9i 

O.M 

O.CO 

625  CO 

1:?:  )C 

1455  JC 

415  00 

S2900 

4-9  00 

d?C  JC 

-2  00 

5532  OO 

.it  -\rt 

1265 

22.43 

6  24 

1 

14X 

10W 

3+3 

52 

3Urkrb«  (Moose  Crk: 

19-Xor-91 

O.M 

O.CO 

982  CO 

130E  JC 

1235  00 

369  00 

70S  00 

39000 

3  34  )C 

-400 

5  590  OO 

55  35 

5  50 

19.6+ 

-84 

1 

14X 

IOW 

3+3 

^-"l 

BUcktbot  (Moose  Crk: 

19-Xov-?l 

O.M 

OCO 

1196C0 

13OCU10 

1251  00 

330  00 

62"  00 

62S  00 

925  OC' 

37  00 

5204  00 

+105 

15  51 

20.23 

6  52 

2 

14X 

10W 

3+A 

3C 

BUckfoot  (Moose  Crk: 

19-Xov-?l 

O.M 

OCO 

"3"  CO 

125"  )C 

i:33  3C 

33"  00 

79100 

1258  OC 

175C0C 

30  00 

-333  OO 

57  V 

24  41 

C5  0C 

3  75 

1 

14X 

IOW 

3+A 

75^ 

3Ljckrb«  (Moose  Crk; 

19-Xov-?l 

O.CO 

O.CO 

;-•'  co 

3 : : :  oc 

LStOUOO 

214  00 

1-S  00 

1000 

353  JC 

208  OC 

5535  OO 

14  28 

8  58 

2.42 

10  80 

4 

14X 

IOW 

3+A 

23*1 

3UxktbK  R  CDiitonl 

19-N"ov-51 

)  CO 

389  CO 

15T2C0 

934  CO 

552  CO 

133  00 

213  00 

192  00 

+3500 

53  00 

-54"  OC 

2C21 

5  34 

8.1? 

15  34 

14X 

9\V 

23A 

J  ^ 

3L'cktbof  R  Oilron) 

19-Xov-?l 

i : 12 oo 

578  CO 

i:?4co 

1035  00 

75S  CO 

23100 

42400 

4S5  00 

674  00 

5'  00 

5555  OC 

28  54 

11  15 

15. J" 

13  30 

1427 

9v: 

C2A 

32 

3Uckro«  R  Otlton) 

19-Xov-?l 

O.CO 

1145  CO 

1624  CO 

1055  00 

"3?  CO 

19000 

393  00 

435  00 

"77  00 

50  00 

54"8  OC 

25+1 

12  92 

15.55 

1134 

KN 

9\V 

2SA 

j2 

3Ucktbot  R  pita; 

19-Xav-91 

3  CO 

923  CO 

25"  CC 

1538  00 

935  CO 

20400 

35SOO 

155  00 

951  30 

50  00 

-5000c 

23  2T 

13  5" 

6.9" 

12  60 

2 

14X 

9W 

2-3 

•■p 

3lacktboc  R  Gallon: 

19-Xav-?1 

O.CO 

O.CO 

14C6  CO 

2058  00 

1291  00 

35"  00 

-25  00 

:'25  JC 

531  JC 

CC  CC 

"55- OC 

35  03 

12  98 

170+ 

7  87 

3 

14X 

9\V 

2-3 

32 

3Uckrbcr  R  iCLTiiIron) 

19-Xov-51 

O.M 

16<5S  CO 

$10  CO 

1041 00 

1M5  00 

29"  00 

577  00 

-??  JC 

943  00 

"3  CC 

-22:  OC 

372J4 

14  0" 

19  05 

9  02 

4 

14X 

91.!.' 

2  "A 

32 

3Ucktb«  R  ("Djdtonl 

05-N'on-M 

O.M 

1517.00 

1:5;  CC 

915  CO 

786  CO 

250  00 

502  00 

"35  CC 

513  30 

33  00 

5S4S  OC 

36  38 

13  SI 

1S.75 

9  70 

32 

3Uckrbor  R  Qilron) 

05-N"av-?0 

O.CO 

7?5  CO 

1228  CO 

96-  CO 

"5"  CO 

209  00 

35"  00 

49"  JC 

55100 

3"00 

54CSOC 

30  54 

1104 

15.95 

10  6S 

32 

Sticktbo:  R.  Qilton) 

05-Xov-?0 

KO 

OCO 

15=3  CO 

946  CO 

105S  00 

376  00 

717O0 

'752  JC 

117700 

'3  CC 

5912O0 

+"S2 

1808 

2+29 

5  56 

5C 

3Ucktb«  R  (TCXslron) 

05-Xov-?0 

O.CO 

59SCO 

13C2  CO 

1  LSI  00 

"^4  CO 

250  00 

3""  00 

60"  00 

103'  JC 

25  00 

5131  OC 

37+5 

1733 

1505 

7  04 

52 

3licktbot  R  u>Iron: 

05-Xov-?0 

O.CO 

175  CO 

1319  CO 

1636  00 

1024  00 

2  "4  00 

435  00 

624  00 

C255  JC 

15  00 

5"3"  OC 

38  34 

18  55 

15  "2 

6  86 

1 

32 

Btackrbcy:  9.  (72«Jton: 

05-Xov-SO 

O.CO 

1131  CO 

1024  CO 

-16  CO 

71"  CO 

235  00 

CIS  JC 

525  00 

520  00 

37  00 

54-?  OC 

34  51 

10  1T 

19  09 

10  7S 

4 

32 

3hckfo«  R.  (Moose  CA ) 

05-Xav-?0 

O.CO 

-19  CO 

"-:■  :o 

SIS  CO 

149  CO 

255  00 

+54  00 

4SL00 

672  00 

34  00 

+"95  00 

35  Pd 

14  "2 

19  "C 

-39 

32 

Sbcktoa  R  i.'n.) 

07-Xov-SO 

O.CO 

"■PICO 

K4SC0 

1131X0 

'-t  ;c 

2-2  00 

547  00 

696  00 

65S  00 

-  00 

5035  OC 

':■•  ?- 

12  34 

:;  cp 

S79 

32 

3Ucktbo(  R  (.'a.l 

0--N"ov-?0 

J  C  : 

514  CO 

1453  CO 

143?  00 

10-C  JC 

350  00 

S56  00 

10-C  3C 

1039  OC 

"000 

-52100 

-2  9? 

14  OC 

14.44 

-11 

M 

3Uckrbot R  OO] 

O'-Xov-M 

O.CO 

O.CO 

1251  CO 

1434  00 

1233  00 

356  00 

79700 

C-3C  CC 

1191  OC 

-3  00 

"266  OO 

i5  3? 

15  98 

13.09 

5.77 

•>"\ 

3Ucktbot  R  i.'cr ; 

0--Xov-?0 

O.CO 

OCO 

:  si  co 

1+31  00 

213100 

014  CC 

923  00 

-5  5  JC 

101000 

116  00 

5522  OC 

-5  3:: 

1:51 

20.35 

4  87 

2 

32 

BLickrbo:  R  i..'ct.; 

07-Xov-M 

O.CO 

O.CO 

2385  CO 

no  I  00 

751  CO 

15?  00 

236  00 

C"5  JC 

906  00 

59  00 

54S2  0C 

25  53 

14  35 

7.S8 

10  45 

3 

2  " 

BtjckrbK  R  det] 

Cf-Xov-M 

O.CO 

OCO 

191.00 

1673  00 

103?  00 

3-6  00 

69?  00 

S93  00 

S30  00 

-100 

5492  OC 

+3  73 

13  38 

\i  ^"> 

6  05 

4 

T^ 

3Uckfocx  R  >>loose  Crk ) 

05-Xov-?0 

O.CO 

450  CO 

S"4  CO 

"92  CO 

755  CO 

252  30 

3  3d  3C 

+5S  00 

655  00 

2100 

-66"  OC 

58-8 

14-8 

15  30 

-  :,-i 

22 

31jckrba  R  (Moose  C  A ) 

05-Xov-?0 

O.CO 

51"  CO 

rc4Co 

147.40 

943  CO 

315  00 

:2C-  CC 

537  00 

5""3C 

2100 

5393  OC 

37  *"* 

1561 

15.67 

:  4; 

V} 

BbcktbaR  (Moose Crk) 

05-N"ov-?0 

O.CO 

366  CO 

1261  CO 

105"  00 

9?4  CO 

305  00 

625  00 

S5P  00 

"90  30 

-4  30 

5334  OC 

-195 

1364 

23+5 

7.0a 

2»T 

3UckrbK  R  (Moose  Crk  ) 

05-Xov-?0 

O.CO 

341  CO 

1"4S  CO 

1655  00 

991  CO 

324  00 

555  00 

S22  00 

1 1-5  OC 

55  00 

"625  OC 

5730 

15.47 

1S.09 

... 

: 

■p 

BUckfoK  R  (Moose  C  A ) 

05-Xov-M 

O.CO 

2s :  co 

158?  CO 

1533J00 

351  CO 

52  CO 

154  00 

:cc-  cc 

555  30 

5C  CC 

-"1COC 

-,.-.    -0 

12  63 

5.71 

13  14 

4 

72>-> 

3L;cktbK  EL  (2>jJton  3dsi 

05-Nov-!S 

O.CO 

2C6  CO 

rcjco 

135?  00 

941  CO 

352  00 

65?  00 

950  00 

1108  OC 

37  00 

"325  OC 

J.">  Jfl 

15  63 

21S3 

6  30 

K 

SLicktbo:  R  Qsjton  3d°l 

05-Xov-S9 

ICO 

0  CO 

K84CC 

103"  00 

968  CO 

5-e  JC 

635  00 

"36  00 

1423  DO 

25  DO 

545?  OC 

49  35 

- 1  ; " 

22.03 

4  92 

32 

SL'cktbo:  R  QiltoE  3d?) 

05-Xov-S9 

O.CO 

sis  CO 

909  CO 

12-5  00 

1124  00 

55C  CC 

63"  00 

-35  00 

1230  OC 

12  00 

"315  OC 

-2  J? 

1 5  98 

20  12 

"09 

2J^ 

BLickrocr  R  CcJtOE  3d!) 

05-Xov-S9 

0.0] 

160"  CO 

1180.00 

103000 

S51  CO 

CCS  CC 

"15  00 

550  00 

5-100 

"3  00 

5595  OC 

^n  3" 

?  34 

13.35 

1"  60 

- 

M 

BL'.ckfoK  R  iTA'JtOB  3d»i 

05-Xov-S9 

"39  CO 

1795  CO 

1222  CO 

S2L  CO 

""5  CO 

254  00 

503  00 

424  00 

395  30 

14  00 

S9420S 

-■,  y 

5  3? 

15  35 

13  54 

] 

jj 

oUcktbcxR  OUron  3d°  i 

05-Xov-S9 

934  CO 

439  CO 

717.00 

U9S  )C 

13S6O0 

334  00 

529300 

632  00 

U16  0C 

CC  CC 

"663  OC 

55  05 

14  93 

15.5] 

3=3 

-. 

V* 

3Uckrooc  R  Olton  3d°i 

0$-Xov-S9 

0.00 

1?"  CO 

10S0  CO 

105"  00 

1 

926  CO 

1 

234  30 

559O0 

-1000 

593  30 

14.00 

5700  OC 

-3  15 

1591 

C2C- 

6  55 

5 

32 

Helena  National  Forest  McNeil  Core  Database  (continued) 


Strom  Name 

Date 

76,2  mm 

Shi 
(Grims) 

50  3  mm 

Sieve 
(Grims) 

25  4  mm 

Sieve 
(Grams) 

12."  nun 
Sine 

(Grams) 

6.3  mm  Sieve 
(Grams) 

4.76  mm 

Slew 
(Grams) 

2.38  mm 
Sieve 

(Grains) 

0.85  mm 

Siev* 
(Grams) 

0,074  mm 

Sieve 
(Grams) 

<Q,fFi  mm 
(Grams) 

Total  Weight 
of  Sample 
(Grams) 

♦tFmes 

HFint 

Sediment 

(Reiser  & 

White  1988) 

♦•Coarse 
Sedimeit 
(Reiser  & 

Warn  1PSS) 

Geometric 

Mean 

Site 

Township 

Range 

SectioB 

Ripirun 
.\g?resate 

31«k»a  R  Otlton  3d..) 

05-2"ov-89 

O.M 

-o4C0 

2017X10 

itsuoo 

K55  00 

290  30 

566  30 

701X0 

941  DO 

3"  00 

3C02  OC 

31  58 

njn 

15.83 

940 

4 

32 

BLickfoa  R  (Man  3d..) 

05-Xov-S9 

O.M 

IBS  CO 

v^  CO 

15-2  30 

1016  00 

234  00 

455  3C 

359  00 

576  30 

:t  33 

523=  OC 

W  ^1 

?-? 

13  IS 

10  89 

; 

22>-\ 

BUck&xx  R  Oi-K.ii  3dz, 

05-Xov-S9 

O.M 

53$  CO 

1682  DO 

132"  00 

916  CO 

23100 

'.:  3t 

"15  00 

652  00 

j?  33 

5P35  0C 

55  55 

:cj? 

23.71 

9C2 

6 

32 

3Uckfoof »  r~  :":; 

0"-XcA-89 

0.00 

223  CO 

12  58  SO 

2311 00 

1074  00 

27100 

653  00 

748  00 

9-52  00 

10c  OC 

745  COC 

36.43 

34  26 

IS.  5+ 

7  35 

32 

3Lickfoa  r  i.'ci  r:; 

0"-2'ov-S? 

0.00 

339  CO 

940  CO 

16S5  00 

S5?  CO 

:::  jc 

29S  30 

2-6  00 

"33  33 

71X0 

5342  0C 

28  52 

'.449 

20.23 

9  C5 

32 

3Uckfoa  r  Ota  2"i. 

0"-2"ov-S9 

0LO0 

OCO 

S82  CO 

1 755 00 

1448  00 

341300 

638  00 

72-  00 

780X0 

-?  00 

567C0C 

58  -6 

:2  43 

21.21 

6  70 

32 

3Uckfo«  ?_  da  2731 

0"-Xov-S9 

o.m 

OCO 

1340  CO 

205?  00 

1230  00 

2S2  00 

+54  30 

4S0  00 

S37  00 

101  OC 

5453  0C 

5C28 

:ii8 

2-63 

S45 

1 

32 

3UckK>a  R  0d  272] 

0"-Xov-S9 

o.m 

2-5  co 

1390  CO 

2234  00 

"24  CO 

103  00 

16800 

97  00 

936  00 

+100 

5S340C 

23  S? 

:"«c 

4.54 

9  5S 

1 

32 

3L«:kfo«  R  da  :?:; 

0--Xov-S9 

0X0 

O.M 

313  CO 

1532  00 

1528  30 

43100 

S22  00 

5-400 

S9S00 

i:  33 

jo:?oc 

-5  52 

:5i7 

23.29 

'  2? 

2 

32 

3Uckroa  R  (Jc  272J 
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-594  1C 

36  53 

6  93 

23.  "^"i* 

S?9 

3 

25 

C  opper  C  reek 

CS-Oct-05 

OW 

:s:  co 

PC"  50 

1115  SO 

684  50 

193  20 

■--  j( 

m  50 

395  50 

3000 

-398  06 

32 '34 

?  77 

17SS 

9  50 

6 

25 

Copper  Creek 

CS-Oct-05 

OW 

i :  30  »o 

780  30 

7"1  CO 

552  80 

19-  -0 

416  70 

439  30 

15150 

1120 

-461  58 

•)-,   _^Q 

3S" 

19  19 

14  63 

- 

25 

Copper  Creek 

CS-Oct-05 

oco 

LOS"  20 

5?5  10 

641  CO 

6C7  10 

2-5  90 

50190 

521  SO 

394  50 

5  60 

-524  2C 

."  OC 

8  93 

2263 

10  36 

2 

25 

Snow  tank  Creek 

CS-Oct-03 

OW 

i>80"0 

S4ST0 

352  20 

225  50 

65  50 

193  -0 

364.10 

312  50 

10-0 

3353  4C 

28  22 

?53 

15  62 

14  49 

4 

25 

Snowbank  Creek 

CS-Oct-03 

0.00 

[+63  CO 

517.20 

480  30 

42S80 

153-0 

35?  PC 

+55  X 

25C  3C 

6  PC 

413530 

3C  13 

6  -" 

19  95 

14  52 

1 

25 

Carpenter  Creek 

16-Sep-03 

0.00 

322  20 

125  70 

480  20 

322  20 

147  50 

344.00 

35c  1C 

"53  1C 

-3  10 

2S94  1C 

56  33 

2"  51 

24  1  = 

4.C9 

5 

Carpenter  Creek 

16-Sep-05 

OW 

OCO 

.31  50 

274  30 

279  50 

1C4  60 

612  50 

I--  3C 

3 1 1  3C 

.4  if 

2'25  2C 

5=35 

1195 

53  56 

358 

4 

*~ 

SporedDog  Creek 

02-Sep-05 

0.00 

OCO 

521  10 

-41  CO 

286  20 

119-0 

33520 

449.60 

3  5 1  3C 

14.40 

2"S8  76 

44  48 

13  .5 

;-o- 

649 

9 

29 

Spoiled  Dog  Creek 

02-Sep-05 

HO 

OCO 

5:5  30 

887  50 

-5160 

219  70 

+5S  50 

31S90 

136  90 

10-0 

5496  SC 

34  16 

554 

^>  ^^ 

893 

- 

29 

Sported  Dog  Creek 

02-Sep-05 

OW 

233  20 

S43  70 

425  CO 

34S  60 

IS  ?c 

2-6  00 

2-2  50 

252  SO 

12  20 

2"43  OC 

31  SI 

0  56 

17.S1 

10  92 

6 

29 

Spotted  Dog  Creek 

02  Sep  03 

oco 

oco 

S72  70 

6=0  CO 

5C?  CO 

49.70 

337  -0 

359  SO 

25"  10 

1 1  30 

3207  OC 

35 -C 

8  58 

2205 

S81 

: 

29 

Sported  Dog  Creek 

02-Sep-03 

oco 

204.40 

11C"  80 

685  30 

+5"  10 

2150 

25020 

15+7: 

232  30 

12  50 

3496  2C 

26  93 

8-3 

15  01 

13  25 

29 

Sported  Dog  Creek 

0:-Sep-05 

oco 

0.00 

9C3  70 

4=5  20 

352  60 

04  30 

233  70 

25C  PC 

135  20 

S10 

Vvl    V] 

3122 

773 

1933 

10-5 

4 

2P 

Sported  Dog  Creek 

02-Sep-05 

oco 

oco 

287  80 

2^3  20 

5  CO  60 

35  30 

31620 

312  PL 

176.40 

6  50 

2CO?  00 

-7  16 

=  11 

31.31 

:•  .5 

29 

Spored  Dog  Creek 

02-Sep-05 

oco 

oco 

552  80 

5=8  50 

27!  CC 

24  20 

303  30 

4]"  50 

2-0  "0 

13  20 

2658  20 

-!"•  J." 

1C68 

.-  •  1 

-co 

J 

jj 

Sported  Dog  Creek 

02-Sep-05 

oco 

32120 

636  70 

46140 

477  80 

1  +  30 

235  3C 

416.00 

130  30 

5  5C 

2501  :C 

34  52 

6  55 

•_  :-. 

10.07 

s 

29 

Sported  Dog  Creek 

0:-Sep-03 

OW 

512  80 

560  80 

532  10 

+CS  20 

37  40 

5  34  JC 

29910 

15100 

5  2C 

>r:  fc 

3C13 

5  53 

j  Oa 

12  6S 

• 

:  j 

Poorarn  Creek 

S-J-jn-03 

oco 

OCO 

113  50 

4C6  40 

381  CO 

35  90 

193  40 

123  70 

3920 

233 

156;-: 

34  21 

3  03 

23  .5 

S46 

6 

29 

Poonuan  Creek 

e-J.m-03 

O.W 

OCO 

555  CO 

575  90 

345  50 

90  60 

153-0 

155  30 

213  70 

2S10 

2126  OC 

3C  37 

1137 

1-  0 

9s: 

2 

29 

Poonmri  Creek 

S-J-jn-03 

oco 

OCO 

SOI  50 

559  60 

334  50 

55  70 

10"  SO 

12'  30 

5130 

320 

1S54  9C 

1937 

3-8 

12  6- 

15  5: 

- 

29 

?oomi.'ji  Creek 

{•J'jn-03 

0.00 

OCO 

189  30 

452  CO 

491.40 

i-soo 

32610 

151  P0 

171.90 

25  50 

2COC  2C 

43  3 

1CC|7 

24+3 

6  34 

29 

Poonnin  Creek 

6-T.m-03 

oco 

0  CO 

6C4  20 

543  10 

3C3  80 

97.40 

195  5C 

194  70 

150  PC 

7  50 

2101  2C 

3C  94 

"54 

13- 

10   9 

j 

29 

Poormni  Creek 

6-J.m-05 

oco 

0  CO 

634  v 

514  CC 

313  30 

95  80 

211  10 

2-3  50 

136  20 

5  50 

215436 

32  14 

6  58 

21  11 

9?S 

4 

29 

Poonum  Creek 

S-J.m-05 

oco 

oco 

80  90 

277  30 

797.40 

2-3  30 

327  50 

149  30 

5130 

£  5C 

2035  6C 

38  32 

2P4 

:•  4' 

1  T~ 

. 

^9 

Poorn^i  Creek 

f-An-03 

oco 

16140 

1090  SO 

SI  I  30 

249  CC 

92  20 

155  00 

124  30 

53  50 

:  ?c 

2S36  6C 

14-5 

128 

.3  22 

IS  20 

5 

29 

Poormrn  Creek 

S-Jtm-03 

oco 

O.W 

398  CO 

"20  10 

34  [  30 

S5  20 

13120 

3-  20 

112  30 

170 

1SSS0I 

"NT    -" 

6-1 

11  $7 

1135 

- 

'= 

Snontank  Creek 

CS-Oct-03 

oco 

35"  20 

95S  90 

871  30 

535  40 

17120 

233  00 

250  30 

1-3  3C 

5-0 

358730 

24  1C 

4.17 

15  15 

15  "1 

J 

25 

Snowtank  Creek 

CS-Oct-05 

OCO 

oco 

91890 

"22  20 

SCI  40 

23"  90 

+52  20 

+36  PC 

41C  -";" 

S50 

3568  6C 

38-5 

• n  ;* 

21  JO 

-_4 

js 

Scow  tank  Creek 

CS-Oct-05 

oco 

ton  10 

456  30 

553  40 

261  CO 

80.40 

23"  40 

33130 

305  30 

1000 

-   1   -A     .A 

2?3C 

0  S"1 

1750 

13  2- 

- 

25 

Simple  Mil  Creek 

23-Oct-03 

aoo 

oco 

105?  30 

650  10 

416  4C 

145  50 

25C  30 

153  50 

-5  30 

3  80 

2733JM 

22  2- 

1  -3 

15  14 

1- v3 

; 

j 

Slmnle  Mil  Creek 

25-Oct-03 

oco 

oco 

1261  90 

490  90 

+4150 

14S  60 

33+  30 

226  30 

-5  -c 

3  30 

25S3  OC 

"-■  _ 

2  55 

18S1 

13  46 

3 

SLm^le  Mill  Creek 

23-Oct-05 

OCO 

oco 

1138.70 

740  10 

642  10 

214  60 

5  3--:; 

1P5  PC 

75.70 

6  CO 

3414  5  C 

26  17 

2  5= 

17  4= 

12  6+ 

6 
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Helena  National  Forest  McNeil  Core  Database  (continued) 


Stream  Name 

Date 

"6,2  mm 
Sieve 

iC-ram.i 

jO.S  nun 

Sieve 
(Grams) 

25.4  »ww 

Sieve 
(Grams) 

12."  mm 

Sieve 
(Grams) 

6.3  nun  Sieve 
(Grams) 

4.76  mm 

Sieve 
(Grams) 

2J8  mm 

Sieve 
(Grams) 

0,8?  maj 

Sieve 
(Grams) 

».0T4  mm 

Sieve 
(Grams) 

■=D.0^4  mm 
(Grams) 

Tout  Weight 
of  Sample 
(Grams) 

•i  Fines 

'lFine 

Sediment 

(Reiser  A 

White  1°SS) 

**Coarse 

Sediment 

(Reiser  & 

White  19SS) 

Geometric 

Mean 

Site 

Township 

Range 

Section 

Riparian 

Ag»re?are 

Stmgle  Mill  Creek 

23-Oa-03 

DLOU 

OCO 

:?4  so 

98930 

431  70 

375.40 

178  00 

353  10 

5190 

2  40' 

256"  SC 

37  07 

134 

210" 

S89 

3 

3 

Stmsle  MB  Creek 

2*-Oct-03 

MO 

OCO 

SOT  70 

771  30 

526  50 

2  72  CO 

33S  50 

34X00 

195  90 

9  10 

292C  6C 

3T94 

7  02 

25.03 

S.C" 

2 

3 

Shingle  Mill  Creek 

23-00-03 

OH 

243  CO 

034  "0 

780  50 

640  CO 

223  CO 

481  JO 

84  20 

123  50 

"60 

3524  50 

26  11 

3  72 

MUM 

13  1" 

4 

3 

Trou;  Creek 
Aixastra  Creek 

25-Jvm-03 
:S-Jub-03 

OCO 

549  50 

S3"  20 

SCC  70 

•"4S  1C 

47.40 

2-S  30 

Zj:  5C 

120  10 

4  30 

54"  1  10 

2C93 

3  5, 

13.09 

15  4" 

4 

A.-73  5tta  Creek 

l«-J-jn-03 

)« 

154  40 

I  MO 

"C5  80 

396  CO 

24  30 

25S  50 

344 JO 

23S  70 

1000 

33S8  30 

29  1C 

"34 

18.09 

LU4 

3 

Ana  stra  Creek 

M-JoWB 

000 

17130 

IIS  CO 

sum 

464  CO 

-4-; 

22"  30 

25"  30 

41320 

13  PC 

2576  :c 

-1  Jl 

16  58 

1S.S1 

64" 

5 

.■taastta  Creek 

:6-J\m-03 

i:3S70 

OCO 

239  80 

392  10 

532  4C 

14  50 

M7J.0 

:-:  -c 

:■"[  9c 

"  ■■;: 

2S44"C 

2c  r 

5  51 

10.48 

1181 

6 

Arrastra  Creek 

:  5J-JH-03 

o.w 

OCO 

933  40 

-69  30 

52"  50 

52-0 

29920 

to: 

193  1C 

4  5C 

3255  60 

31  5C 

6  07 

2075 

10  C5 

2 

Anastra  Creek 

:tj-J\m-03 

J  CO 

OCO 

565  90 

662  20 

443  60 

-"  PC 

30"  3C 

355  50 

252  SO 

"50 

2T52  9C 

39  2" 

9  32 

2-03 

"64 

C  arpecier  Creek 

:«-Sep-03 

0.00 

5"0"0 

522  80 

543  80 

252  30 

17  50 

30"  -0 

39S50 

5S3  50 

2630 

3422  SC 

-1  37 

'."S2 

tarn 

"9" 

2^ 

C  arpecer  Creek 

lS-Sep-03 

o.w 

2?  5  JO 

58040 

324  70 

-C  4£ 

71.10 

51670 

435  SO 

53020 

19  30 

3314  "C 

^  -9 

"*-": 

2S7- 

6C6 

2 

i-> 

C  arpet::er  Creek 

16-Sep-03 

OCO 

3":  io 

44  80 

34S  30 

5C2  60 

89  CO 

223  SO 

279  50 

424-0 

19  SO 

2103  4C 

-9  28 

21  12 

2393 

5  51 

•" 

i  - 

Carpecer  Creek 

1  r3-Sep-05 

000 

OCO 

156  40 

3  "9  90 

2"2  CO 

130  SO 

593  40 

"59  70 

857  50 

1930 

2968  9C 

7"1  77 

22  SC 

45.51 

2  82 

3 

;- 

Core  Indicator  Values  for  Percent  Fines  from 
McNeil  Cores  Collected  in  the  Lake  Helena  TPA 


Tables  3  and  4.  McNeil  Core  Data  from  Helena  National  Forest  Reference  Cores  with 
Riparian  Landtype  Aggregates  Matching  Lake  Helena  303(d)-Listed  Streams 

(Data  from  All  Aggregates  Combined  3,  6,  10,  11,  12,  24,  25,  26,  27,  28,  29,  31,  and  32*) 


o 

iFines 

Mean 

32.74 

Standard  Error 

Median 

Mode 

0.41 
32.39 

#N/A 

Standard  Deviation 

9.97 

"n  Fine  Fines 

Mean 

10.03 

Standard  Error 

Median 

Mode 

0.22 
9.78 

#N/A 

Standard  Deviation 

5.26 

*  Riparian  aggregate  32  was  collected  off  the  HNF.  and  thus  does  not  have  an  official  designation  in  the  landtype 
aggregate  descriptions.  It  is  alluvial  outwash.  floodplains  and  terraces. 


Figure  1. 


Distribution  of  Percent  Fines  <  6.4  mm 
for  Ail  Helena  National  Forest  Reference 
Riparian  Landtype  Aggregates 


All  Riparian  Aggregates  Combined 


Figure  2. 


Distribution  of  Percent  Fines  <  0.85  mm  for 
All  Helena  National  Forest  Reference 
Riparian  Landtype  Aggregates 
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o.oo- 


All  Riparian  Aggregates  Combined 


Tables  5  and  6. Riparian  Aggregates  3:  Metasedimentary  Rock,  Mountain  Slopes 
and  Ridges,  and  19:  Metasedimentary  Rock,  Rolling  Uplands 


°A 

>  Fines 

"o  Fine  Fines 

Mean 

35.17 

Mean 

8.52 

Standard  Error 

0.94 

Standard  Error 

0.48 

Median 

34.10 

Median 

7.90 

Mode 

#N/A 

Mode 

#N/A 

Standard  Deviation 

10.22 

Standard  Deviation 

5.20 

Sample  Variance 

104.40 

Sample  Variance 

27.07 

Kurtosis 

-0.34 

Kurtosis 

1.78 

Skewness 

0.24 

Skewness 

1.08 

Range 

48.58 

Range 

29.45 

Minimum 

10.49 

Minimum 

1.32 

Maximum 

59.07 

Maximum 

30.78 

Sum 

4114.97 

Sum 

997.29 

Count 

117.00 

Count 

117.00 

Confidence  Level(95.0%) 

1.87 

Confidence  Level(95.0%) 

0.95 

Tables  7  and  8.  Riparian  Aggregates  10:  Granitic  Rock,  Mountain  Slopes  and 
Ridges,  and  11:  Granitic  Rock,  Rolling  I  plands 


% 

Fines 

Mean 

35.76 

Standard  Error 

Median 

Mode 

1.61 

35.17 

#N/A 

Standard  Deviation 

8.82 

"u  Fine  Fines 

Mean 

10.15 

Standard  Error 

Median 

Mode 

0.99 

9.21 
#N/A 

Standard  Deviation 

5.42 

Tables  9  and  10. 


"u  Fines 

Mean 

56.76 

Standard  Error 

Median 

Mode 

4.94 
53.64 

#N/A 

Standard  Deviation 

12.10 

Riparian  Aggregate  27:  Friable  Loamy  Glacial  Till,  Moraines 

%  Fine  Fines 


Mean 

19.63 

Standard  Error 

2.21 

Median 

19.47 

Mode 

#N/A 

Standard  Deviation 

5.40 

Sample  Variance 

29.  IS 

Kurtosis 

-0.05 

Skewness 

0.07 

Range 

15.56 

Minimum 

1 1 .95 

Maximum 

27.51 

Sum 

117.79 

Count 

6.00 

Confidence  Level(95.0%) 

5.67 

Tables  11  and  12. 


Riparian  Aggregate  29:  Alluvial  (Borolls),  Floodplains  and 
Terraces 


0/ 

Fines 

%  Fine  Fines 

Mean 

33.85 

Mean 

8.12 

Standard  Error 

1.09 

Standard  Error 

0.39 

Median 

34.18 

Median 

8.45 

Mode 

#N/A 

Mode 

#N/A 

Standard  Deviation 

9.74 

Standard  Deviation 

3.45 

Sample  Variance 

94.86 

Sample  Variance 

11.93 

Kurtosis 

0.32 

Kurtosis 

-0.55 

Skewness 

0.28 

Skewness 

0.09 

Range 

45.62 

Range 

15.00 

Minimum 

12.89 

Minimum 

1.18 

Maximum 

58.52 

Maximum 

16.18 

Sum 

2708.14 

Sum 

649.74 

Count 

80.00 

Count 

80.00 

Confidence  Level(95.0%) 

2.17 

Confidence  Level(95.0%) 

0.77 

Figure  3. 


Distribution  of  Percent  Fines  <  6.4  mm  for 
Matched  Helena  National  Forest  Reference 
Riparian  Landtype  Aggregates 
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10  and  11  27  29  3  and  19 

Lake  Helena  Reference  Riparian  Land  Type  Aggregates 


Figure  4. 


Distribution  of  Percent  Fines  <  0.85  mm  for 
Matched  Helena  National  Forest  Reference 
Riparian  Landtype  Aggregates 


30.00- 


o.oo- 


10  and  11  27  29  3  and  19 

Lake  Helena  Reference  Riparian  Land  Type  Aggregates 


McNeil  Core  Data  for  Sediment  Listed  Streams  in 

the  Lake  Helena  TPA 


Table  13.         Summary  of  Mc  Neil  Core  Data  Collected  on  Sediment  Listed  Streams  in  the  Lake  Helena  TPA 


ScgmentID 

u 
4) 

"0 
b< 

O 

E 

« 

u 

-** 

« 

WD 
9i 

u 

WD 
WD 

< 

MT41I006_120 

2nd 

18 

MT41I006_070 

2nd 

11 

MT41I006_210 

1st 

10 

MT41I006_020 

5th 

29 

MT41I006_030 

5th 

29 

MT41I006_050 

5th 

29 

MT41I006_080 

4th 

29 

MT41I006_143 

4th 

29 

MT41I006_110 

4th 

29 

MT41I006_120 

4th 

29/11 

MT41I006_190 

2nd 

10 

MT41I006_130 

4th 

29 

MT41I006_143 

5th 

29 

MT41I006_040 

5th 

29 

MT411006_220 

3rd 

29/19 

MT41I006_160 

4th 

29 

MT41I006J42 

3rd 

29 

MT41I006_130 

unk  -  27 

MT41I006_130 

2nd 

27 

MT411006_100 

2nd 

11 

MT41I006_060 

2nd 

25 

MT41I006_100 

2nd 

11 

MT41I006_060 

2nd 

unk  -  25,  'i 

MT41I006_141 

3rd 

22 

MT41I006_220 

3 

Geology 

Cretaceous  volcanic  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Alluvium 
Alluvium 

Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Alluvium 

Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Alluvium 

Tertiary  sedimentary  rocks,  undifferentiated 
Cambrian,  undifferentiated 
Alluvium 

Cretaceous  volcanic  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
25,  26  Boulder  batholith  and  broadly  related  rocks 
Boulder  batholith  and  broadly  related  rocks 
Cretaceous  volcanic  rocks 


s 
<a 
<y 

E 

(A 

a 

•  mm 

« 

E 

s 

h 

%  Fines  95%  con 
mean 

%  Fine  Sediment 
mean 

%  Fine  Sediment 
median 

%  Fine  Sediment 
95%  conf 

30.45 

32.72 

8.74 

7.39 

7.16 

4.23 

35.64 

37.96 

13.83 

12.42 

11.08 

7.31 

41.24 

39.06 

11.85 

16.31 

15.89 

8.09 

42.28 

41.99 

9.15 

10.50 

10.50 

1.74 

25.32 

23.07 

6.82 

6.14 

6.10 

1.39 

30.24 

30.89 

5.29 

10.20 

10.68 

1.92 

69.63 

64.85 

13.36 

21.17 

16.97 

10.67 

25.08 

24.34 

6.31 

7.22 

6.87 

1.93 

39.90 

36.02 

17.57 

12.89 

12.85 

0.82 

49.65 

52.56 

11.44 

17.48 

18.72 

5.02 

38.55 

37.71 

12.51 

13.31 

11.02 

7.05 

45.48 

41.87 

17.63 

17.84 

15.52 

9.60 

26.46 

26.10 

7.27 

10.43 

10.66 

4.33 

28.29 

26.59 

6.56 

9.29 

8.68 

3.24 

41.40 

41.69 

12.30 

15.98 

16.65 

5.54 

41.00 

41.00 

40.85 

15.81 

15.81 

20.27 

37.99 

32.41 

18.44 

10.30 

9.59 

4.48 

51.45 

51.42 

1.77 

17.69 

19.10 

4.09 

44.62 

50.83 

45.52 

7.14 

5.95 

10.60 

39.95 

38.20 

17.33 

15.44 

14.86 

8.31 

30.80 

29.29 

6.36 

11.58 

11.46 

3.76 

71.25 

72.42 

21.24 

16.92 

17.55 

2.74 

37.62 

33.86 

7.86 

11.50 

11.34 

4.59 

39.09 

40.34 

8.63 

7.36 

6.99 

4.41 

36.42 

35.69 

3.97 

14.04 

12.67 

6.30 

Helena  National  Forest  Reference  Stream  Dataset 


Contact  the  Helena  National  Forest  for  more  information  on  their 
Valley  Bottom  Inventory  Database 


Table  14.        Reference  Dataset  from  Helena  National  Forest  Streams 


Rosgen  Stream 
Type  1 

Rosgen 
Stream 
Type  2 

Date 

Stream  Name 

Stream 
Order 

Riparian 
Aggregate 

Geology 

Sinuosity 

Bankfull 
Gradient 

Width/ Depth 
Ratio 

Entrenchment 
Ratio 

D50 

D84 

A3 

28-Jul-92 

South  Fork  Warm  Springs  Creek 

2nd 

1 1 

Boulder  batholith  and  broadly  related  rocks 

1.02 

^  (,o 

8.45 

i.i  l 

very  coarse  gravels  -  small  cobbles 

medium  boulders 

A3 

28-Jun-OO 

Tnb.  to  Sauerkraut  Creek 

2nd 

5 

Belt  Series  -  Newland  limestone 

1.18 

8.40 

10  60 

1.73 

small  cobbles 

small  boulders 

A3  or  B3a 

20-Jul-00 

Little  Camas 

3rd 

38313 

Belt  Series  -  Newland  limestone 

1.10 

4.19 

14.00 

1.19 

small  cobble 

large  cobble 

A3aH 

30-Sep-03 

Ruby  Creek 

J 

24 

Boulder  batholith  and  broadly  related  rocks 

1.09 

15.53 

12.84 

1.60 

Small  Cobbles 

Small  Boulders 

A4 

2  3 -Oct -03 

Shingle  Mill  Creek 

2nd 

3 

Belt  Series  -  Missoula  group 

1.15 

6.40 

7.50 

1.52 

Very  coarse  gravels 

Large  cobbles 

A4 

21-Jul-99 

No  Grass  Creek 

1st 

25 

Cretaceous  volcanic  rocks 

1.16 

6.22 

10.70 

1.54 

very  coarse  gravels 

large  cobbles 

A4 

30-Jul-97 

Washington  Creek 

1st 

9/4  stream  runs 
b/n  two  agg. 

Belt  Series  -  Missoula  group 

1.07 

0.08 

10.80 

1.68 

very  coarse  gravels 

small  cobbles 

A4 

21-Jul-97 

Gleason  Creek 

2nd 

3 

Belt  Series  -  Missoula  group 

1.12 

7.98 

9.08 

2.21 

very  coarse  gravels 

large  cobbles 

A4 

29-Jun-99 

Hurd  Creek 

1st 

2 

Tertiary  volcanic  rocks 

1.35 

8.22 

5.30 

2.31 

medium  gravels 

small  cobbles 

A4  or  B4 

l6-Sep-97 

Clear  Creek  (lower) 

1st 

3 

Belt  Series  -  Newland  limestone 

1.24 

3.60 

9.52 

3.68 

coarse  gravel 

small  cobble 

A4? 

09-Sep-97 

Clear  Creek 

1st 

3 

Belt  Series  -  Newland  limestone 

1.10 

7.90 

8.70 

2.72 

coarse  gravel 

small  cobble 

A4;ii 

0l-Jul-99 

Spotted  Dog  Creek  (upper  central  tnb. 

1st 

2 

Cretaceous  volcanic  rocks 

1.22 

14.00 

6.50 

1.98 

coarse  gravels 

small  cobbles 

B3 

07-Oct-03 

South  Fork  Warm  Springs  Creek 

2nd 

1  1 

Boulder  batholith  and  broadly  related  rocks 

1.08 

3.40 

19.27 

1.17 

small  cobbles 

small  boulders 

B3  or  C3b  (doesn't  fit) 

I  3-Jul-00 

Tnb.  to  Big  Birch 

1st 

24 

Tertiary  sedimentary  rocks,  undifferentiated 

1.28 

2.24 

9.00 

1.20 

small  cobble 

large  cobble 

B3a 

B3 

26-M-99 

Little  Blackfoot 

3rd 

25 

Cretaceous  volcanic  rocks 

1.16 

3.46 

15  4(1 

1.33 

small  cobble 

large  cobble 

B3a  or  A3  ? 

l5-Jul-97 

Gleason  Creek 

2nd 

3 

Belt  Series  -  Missoula  group 

1   2  1 

8.60 

1.57 

small  cobbles 

small  boulders 

B3a  or  B2? 

A3 

04-Aug-98 

Ontario  Creek 

3rd 

30 

Cretaceous  volcanic  rocks 

1.13 

4.70 

13.40 

1.28 

large  cobble 

small  boulder 

B3a  or  B4a 

A3  or  A4 

[4-M-98 

Upper  Monarch  Creek 

1st 

-) 

Tertiary  volcanic  rocks 

1.27 

5.60 

8.02 

4.08 

very  coarse  gravel 

small  cobble 

Reference  Dataset  from  Helena  National  Forest  Streams  (continued) 

Rosgen  Stream 
Type  1 

Rosgen 
Stream 
Type  2 

Date 

Stream  Name 

Stream 
Order 

Riparian 
Aggregate 

Geology 

Sinuosity 

Bankfull 
Gradient 

Width/  Depth 
Ratio 

Entrenchment 
Ratio 

D50 

D84 

B4 

02-JuI-92 

Holloway  (Upper) 

1st 

20 

Belt  Series  -  Newland  limestone 

1.21 

14.60 

3.90 

2  4^ 

small  gravels 

large  boulders 

B4 

06-Aug-98 

Little  Blackfoot 

3rd 

30 

Cretaceous  volcanic  rocks 

1 .05 

2.40 

15.06 

1.43 

coarse  gravel 

small  boulder 

B4 

09-Sep-99 

Little  Blackfoor  (upper) 

2nd 

25 

Cretaceous  volcanic  rocks 

1.34 

1.98 

1  1.60 

2.06 

coarse  gravels 

small  cobbles 

B4 

l6-Jul-97 

Gleason  Creek 

2nd 

16   or  b/n  3  &  1  6 

Belt  Series  -  Missoula  group 

1.24 

2.20 

9.38 

6.79 

very  coarse  gravels 

large  cobbles 

B4 

21 -Oct -03 

Dutchman  Creek 

2nd 

1  1 

Boulder  bathohth  and  broadly  related  rocks 

1.14 

3.51 

12.64 

1.25 

Very  fine  gravels 

Medium  boulders 

B4a 

A4 

08-Jul-98 

Larabee  Gulch 

2nd 

:x 

Cretaceous  volcanic  rocks 

1.10 

4.50 

15.38 

1.52 

coarse  gravels 

large  cobbles 

B4a 

2  1  -Aug-97 

Wasson  Creek 

1st 

5 

Belt  Series  -  Ravalli  group 

1.24 

4.00 

3.70 

1.80 

fine  gravels 

very  coarse  gravels 

F.4 

22-Oct-03 

Walker  Creek 

2nd 

__ 

Cretaceous  volcanic  rocks 

1.27 

1.26 

7.63 

1.21 

Very  fine  gravels 

Coarse  gravels 

E4b 

01 -Oct -03 

Upper  Tenmile 

1 

24 

Boulder  bathohth  and  broadly  related  rocks 

1.43 

2.24 

5.18 

1.00 

coarse  gravels 

small  cobbles 

E5 

02-Aug-99 

Bison  Creek 

2nd 

28 

Boulder  bathohth  and  broadly  related  rocks 

1.35 

1.00 

3.62 

7.66 

medium  sand 

coarse  gravels 

E5 

17-Aug-99 

W.  Fork  Bison 

2nd 

2 

Boulder  bathohth  and  broadly  related  rocks 

1.30 

1.39 

2  20 

6.27 

very  coarse  sand 

small  cobbles 

Southwest  Montana  and  the  Greater  Yellowstone 
Area  Reference  Stream  Dataset 


Table  15. 

Reference  Dataset  from  Southwestern  Montana  and  Greater 

Ye 

lovvstone  Area  Streams 

Sytream  Type 

Count 

Entrenchment 
(Measured) 

Width/Depth 

(Measured) 

Sinuosity 

Grade 

D50 

D84 

BEHI 

Average  A3's 

10 

127  56 

37401 

Average  A's 

u 

1.29                            8.67                        1   11 

7.60 

21.06 

Average  B3's 

29 

94.13 

248.81 

Average  B4's 

19 

39.99 

152.88 

Average  B's 

48 

1.68                         13.43                     1.26 

3.60 

20.49 

Average  C3's 

15 

94.11 

210.57 

Average  C4's 

21 

38.17 

104.65 

Average  CS's 

2 

0.28 

1 1 .46 

Average  C's 

38 

9.90                         21.21                     147 

1.00 

20.32 

Average  E3's 

21 

4.24 

86.97 

231.53 

Average  E4's 

85 

2.44 

24.60 

73.40 

Average  ES's 

20 

2.56 

090 

50.21 

Average  E6's 

5 

0.90 

0.37 

7.92 

Average  E's 

131 

20.05                         3  94                      1  4Si 

2  50 

18.77 

The  full  dataset  and  above  summary  were  acquired  from  the  Pete  Bengey field  in  July  of  2003. 
Pete  is  a  hydrologist  with  the  Beaverhead  Deerlodge  National  Forest  in  Dillon,  MT.  His  work  is 
published  in  the  conference  proceedings  of  Science  Into  Policy:  Water  in  the  Public  Realm  / 
Wildland  Hydrology,  pp.  245  -254.  Held  in  Bozeman,  Montana,  June  30  -  July  2,  1999. 
Available  online  at 
http://www.deq.state.mt.us/wqinfo/monitoring/Publications/wildlandhydrology2.html 


Channel  Cross-Section  Data  for  Sediment  Listed 
Streams  in  the  Lake  Helena  TPA 


Table  16.           Summary  of  Cross-Sectional  Data  for  303(d)  Listed  Streams,  Part  1 

Stream  Name 

Segment  ID 

Date 

Length  of 
stream  surveyed 
(feet) 

Ol 

> 

< 

'ft 

e 

3 
E 
X0X 

Average 
Bankfull  Width 
(feet) 

Average 
Floodplain 
Width  (feet) 

Bankfull 
Gradient 
(percent) 

Average 
Bankfull  Depth 
(feet) 

Q. 
O) 

O 
is 

£  2 

D50 

D84 

s 

= 

u 

B 
91 

u 

B 
UJ 

Rosgen  Stream  Type  1 

Rosgen  Stream  Type  2 

Prickly  Pear 

MT41I006_060 

8/12/2003 

300 

1.21 

13.47 

24.8 

10 

1.6 

7.5 

Small  Boulders 

Large  Boulders 

A2a<- 

Prickly  Pear  below  Alhambra 

MT4II006J)50 

8/25/2003 

300 

1 

25.9 

46 

1 

1.4 

18.4 

Coarse  Gravels 

Very  Coarse  Gravels 

1.7 

B4c 

C4  straightened,  incised  or 

F4 

Prickly  Pear  below  McCellan  Ck  conf. 

MT41I006JJ40 

9/11/2003 

300 

1 

35.8 

40.3 

0.5 

1  18 

30.5 

Very  Coarse  Gravels 

Small  Cobbles 

>1.7 

C4  straightened 

F4 

Prickly  Pear  below  E  Helena 

MT41I006_030 

s  26/2003 

300 

1.1 

17 

19.9 

1 

056 

30.4 

Very  Coarse  Gravels 

Small  Cobbles 

1.3 

F4 

C4  straightened,  incised 

Prickly  Pear  (a  Canyon  Ferry  Road 

MT41I006_030 

8/26/2003 

300 

1 

31.6 

0.2 

0.67 

47.2 

Coarse  Gravels 

Very  Coarse  Gravels 

>3.4 

C4  straightened 

Prickly  Pear  above  Tenmile 

MT41I006_020 

9/11/2003 

300 

11 

32 

35.5 

0.3 

1.9 

168 

Very  Coarse  Sand 

Fine  Gravels 

1.1 

F5 

straightened,  incised  C5 

Golconda  Creek  ab\  private  road 

MT41I006JJ70 

x  p  2001 

300 

12 

6.3 

9.4 

5 

067 

9.4 

Very  Coarse  Gravels 

Large  Cobbles 

1  5 

B4a 

Corbin  Creek  near  RR  Iressle 

MT41I006_090 

8  13  2003 

300 

1.2 

13.3 

17.6 

4 

0.43 

30.9 

Coarse  Sand 

Medium  Gravels 

1.5 

B5a 

Spring  Creek  in  pasture  above  road  crossing 

MT41I006_080 

g  14  2003 

300 

1.1 

5.3 

11.5 

2  4 

0.55 

9.6 

Fine  Gravels 

Coarse  Gravel 

4.4 

7 

E4b  straightened 

Middle  Fork  Warm  Springs  Creek 

MT4 11006   100 

7/28/2003 

400 

1.14 

6.175 

13  5 

3.5 

0  68 

7.34 

Very  Coarse  Sand 

Small  Cobbles 

B5  or  G5 

North  Fork  Warm  Springs  Creek 

MT41I006_180 

8/13/2003 

300 

1  19 

3.53 

10.23 

4.56 

0.13 

16.15 

Very  Fine  Gravels 

Large  Cobbles 

B4a 

Warm  Springs  Creek  below  Loop  Road 

MT41I006_110 

8/15/2003 

300 

1.3 

117 

P  3 

2 

068 

17.2 

Coarse  Gravels 

Small  Cobbles 

2.5 

C4 

Clancy  Creek  below  headwaters  sample  site 

MT4 11006  J  20 

8/14/2003 

300 

1.1 

4.6 

10.1 

2.5 

0.47 

9.8 

Coarse  Gravels 

Very  Coarse  Gravels 

2.2 

B4 

Clancy  Creek  below  Mushroon  growing  facility 

MT411006J20 

8/15/2003 

300 

1.2 

12.8 

28.7 

04 

0.46 

28 

Fine  Gravels 

Coarse  Gravels 

2  5 

B4c 

F4 

Lump  Gulch 

M 14  11006    110 

8/7/2003 

300 

1.3 

9.43 

24.33 

6.15 

0.695 

21.31 

Very  Coarse  Gravels 

Small  Boulders 

B4a 

Lump  Gulch  below  Little  Buffalo 

MT4 11006   130 

7/29/2003 

300 

1.1 

13.8 

26.6 

1.75 

1  13 

12.2 

Fine  Gravels 

Small  Cobbles 

1.9 

B4c 

Jackson  Creek  near  mouth 

MT41I006J90 

8/25/2003 

300 

11 

8.3 

10.4 

8 

0  53 

15.7 

Coarse  Gravels 

Large  Cobbles 

14 

B4a 

Upper  Tenmile 

MT4II006   141 

10/1/2003 

300 

1.43 

3.73 

3.73 

2.24 

0.69 

5.184 

Coarse  Gravels 

Small  Cobbles 

14b 

Tenmile  above  Banner 

MT41I006_141 

8/14/2003 

400 

1.17 

21.6 

28.58 

2.2 

0.73 

23.83 

Small  Cobbles 

Small  Boulders 

B3 

B3a 

Tenmile  below  Bear  Gulch  conf. 

MT41I006_142 

9/9/2003 

300 

1.1 

26.7 

30.9 

0.7 

1.69 

15.8 

Very  Coarse  Gravels 

Large  Cobbles 

1.2 

14 

Tenmile  above  mouth  of  Sevenmile 

MT4II006J43 

g  27  2003 

300 

1.1 

23.7 

28.3 

0.5 

0.6 

39.5 

Coarse  Gravels 

Very  Coarse  Gravels 

1.1 

F4 

C4  straightened,  incised 

Tenmile  below  Sevenmile 

MT41I006_143 

9/9/2003 

300 

1 

21 

30.2 

0.7 

0.84 

25 

Very  Coarse  Gravels 

Small  Cobbles 

2  2 

C4  straightened 

Skelly  Gulch  d  s  of  Jeff  Davis  Gulch 

MT4 11006  220 

9  [0/2003 

300 

1  5 

9.1 

11.9 

3.6 

067 

13.6 

Medium  Gravels 

Very  Coarse  Gravels 

1.3 

C4b 

Sevenmile  Creek  near  mouth 

MT41I006_160 

8/27/2003 

300 

1.1 

15.1 

25.5 

0.5 

16 

9.4 

Medium  Gravels 

Very  Coarse  Gravels 

1  s 

9 

B4e 

Jennie's  Fork  below  ski  area 

MT41I006_210 

9  10/2003 

300 

1.2 

1.7 

2.4 

14 

04 

4.3 

Medium  Gravels 

Small  Cobbles 

1.4 

A4a+ 

Table  1 7.           Summary  of  Cross-Sectional  Data  for  303(d)  Listed  Streams, 

Part  2 

Stream  Name 

Segment  ID 

Date 

u 

1 

O 

E 
a 
B 

t_ 

55 

9   9 

e  s 

i  m 

.5"  on 

as  < 

Deposition 

Geology 

BEH1  score  (Avg) 

PFC 

PFC  qualifier 

Prickly  Pear 

MT4 1 1006_060 

8/12/2003 

2nd 

27 

some  deposition  and  pool  infilling 

Boulder  batholith  and  broadly  related  rucks 

Low  (boulder  dominated) 

PFC 

Prickly  Pear  below  Alhambra 

MT4 11006  050 

8/25/2003 

5th 

29 

pool  infilling 

Boulder  batholith  and  broadly  related  rocks 

25.4  Moderate 

NF 

roads 

Prickly  Pear  below  McCellan  Ck  conf. 

MT4 11006  040 

9/11/2003 

5th 

29 

pool  infilling 

Tertiary  sedimentary  rocks,  undifferentiated 

21.7  Moderate 

F(SjR 

roads 

Prickly  Pear  beloyv  E.  Helena 

MT4 11006  030 

8/26/2003 

5th 

29 

excessive  sediment 

Alluvium 

18  Low 

NF 

agriculture,  upstream  impacts 

Prickly  Pear  (a  Canyon  Kerry  Road 

MT4 11006  030 

8/26/2003 

5  th 

29 

Alluvium 

22  3  Moderate 

NF 

agriculture,  upstream  impacts 

Prickly  Pear  aboye  Tenmile 

MT4II006  020 

9/11, 2003 

5th 

29 

Alluvium 

37.3  High 

NF 

agriculture,  roads,  upstream  impacts 

Golconda  Creek  abv  private  road 

MT41I006_070 

8/13/2003 

2nd 

11 

Boulder  batholith  and  broadly  related  rocks 

23.7  Moderate 

PFC 

Corbin  Creek  near  RR  tressle 

MT41I006_090 

8/13/2003 

2nd 

11 

excessive  fines 

Boulder  batholith  and  broadly  related  rocks 

38.6  High 

NF 

mining,  roads,  grazing 

Spring  Creek  in  pasture  above  road  crossing 

MT411006_080 

8/14/2003 

4th 

29/11 

excessive  fines 

Boulder  batholith  and  broadly  related  rocks 

29.6  Moderate/High 

NF 

mining,  grazing,  upstream  impacts 

Middle  Fork  Warm  Springs  Creek 

MT4 11006    100 

7/28/2003 

2nd 

11 

some  aggradation 

Boulder  batholith  and  broadly  related  rocks 

12.7  Low 

F@R 

impacted  by  and  recovering  from  historic  mining. 

impacted  by  roads 

North  Fork  Warm  Springs  Creek 

MT4 11006    180 

8/13/2003 

2nd 

II 

pool  infilling  and  sand 

Boulder  batholith  and  broadly  related  rocks 

24  Moderate 

1  //  R 

impacted  by  roads 

Warm  Springs  Creek  below  Loop  Road 

MT4 11006   110 

8/15/2003 

4th 

29/11 

pool  infilling 

Boulder  batholith  and  broadly  related  rocks 

26.3  Moderate 

F(5;R 

development,  upstream  impacts 

Clancy  Creek  beloyv  headwaters  sample  site 

MT41I006_120 

8/14/2003 

2nd 

18 

Cretaceous  volcanic  rocks 

23.5  Moderate 

NF 

mining,  roads,  grazing 

Clancy  Creek  beloyv  Mushroon  growing  facility 

MT4 11006   120 

8/15  2003 

4th 

29/11 

Boulder  batholith  and  broadlv  related  rocks 

22.9  Moderate 

NF 

mining,  roads,  grazing 

Lump  Gulch 

MT4 11006   130 

87  2003 

2nd 

27 

some  deposition 

Boulder  batholith  and  broadly  related  rocks 

2 1.0  Moderate 

F(frR 

impacted  by  and  recovering  from  historic  mining 

Lump  Gulch  below  Little  Buffalo 

MT4 11006   130 

7-29  2003 

4th 

29 

deposition 

Boulder  batholith  and  broadlv  related  rocks 

21.5  Moderate 

F(S;R 

roads,  upstream  impacts 

Jackson  Creek  near  mouth 

MT4 11006   1% 

X  25  2003 

2nd 

10 

excessive  sediment 

Boulder  batholith  and  broadly  related  rocks 

21.2  Moderate 

PFC 

sediment  inputs  natural  from  burn 

Upper  Tenmile 

MT41I006J4I 

10/1 '2003 

2nd 

24 

Boulder  batholith  and  broadly  related  rocks 

1  oyy 

PFC 

fenmile  above  Banner 

MT4 11006   141 

8/14/2003 

3rd 

22 

excessive  sediment 

Boulder  batholith  and  broadly  related  rocks 

Low  (boulder  dominated) 

FtoR 

impacted  by  historic  mining 

Tenmile  below  Bear  Gulch  conf 

MT41I006J42 

9/9.2003 

3rd 

29 

pool  infilling 

Cretaceous  volcanic  rocks 

112  1  ow 

FcrR 

municipal  water  withdrawls.  upstream  impacts 

Tenmile  above  mouth  of  Sevenmile 

MT4 11006   143 

8/27/2003 

4th 

29 

excessive  sediment 

Alluvium 

25.7  Moderate 

Fto  R 

agriculture,  roads,  upstream  impacts 

Tenmile  below  Sevenmile 

MT41 1006   143 

9/9/2003 

5th 

29 

excessive  sediment 

Alluvium 

36.4  High 

F75R7NF 

agriculture,  roads,  upstream  impacts 

Skellv  Gulch  d/s  of  Jeff  Davis  Gulch 

MT4I1006_220 

9/10/2003 

3rd 

29  19 

Cambrian,  undifferentiated 

24.7  Moderate 

PFC 

Sevenmile  Creek  near  mouth 

MT4 11006    160 

8/27/2003 

4th 

29 

siltation 

Alluvium 

37.1  High 

F@R 

agriculture,  upstream  impacts 

Jennie's  Fork  below  ski  area 

MT41I006_2I0 

9/10/2003 

1st 

10 

excessive  sediment 

Boulder  batholith  and  broadly  related  rocks 

22.7  Moderate 

F(2R 

roads,  developed  rec,  mining 

Suspended  Sediment  and  Suspended  Solids  Data 
for  Sediment  Listed  Streams  in  the  Lake  Helena 

TPA 


Refer  to  Tables  3-14,  3-17,  3-20,  3-39,  3-47,  3-42,  3-55,  3-58,  3-63,  and  3-66  in  section 
3.0,  of  the  Water  Quality  Restoration  Plan  and  Total  Maximum  Daily  Loads  (TMDLs) 
for  the  Lake  Helena  Watershed  TMDL  Planning  Area:  Volume  I  -  Watershed 
Characterization  and  Water  Quality  Status  Review 


Appendix  G:  Metals  Data  for  Impairment  Status 

Determination 


Table  1.      Summary  of  metals  data  used  for  impairment  status  determination 
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MT4 11006  020 

PRICKLY  PEAR  CREEK  from  Helena  WWTP  Discharge  Ditch  to  Lake  Helena 

01002 

Arsenic 

17-Jul-03 

12-Aug-03 

13 

22 

17.5 

2 

0 

2 

340.0 

150.0 

10.0 

0 

0 

2 

Yes 

0.0% 

0.1 

2.2 

-94.9% 

-88.3% 

75.0% 

Impaired 

MT41I006  020 

PRICKLY  PEAR  CREEK  from  Helena  WWTP  Discharge  Ditch  to  Lake  Helena 

01027 

Cadmium 

17-Jul-03 

12-Aug-03 

0.4 

0.9 

0.7 

2 

0 

1 

5.2 

0.5 

5.0 

0 

1 

0 

No 

50.0% 

1.8 

0.2 

-87.5% 

28.2% 

-87.0% 

Impaired 

MT4 11006  020 

PRICKLY  PEAR  CREEK  from  Helena  WWTP  Discharge  Ditch  to  Lake  Helena 

01042 

Copper 

17-Jul-03 

12-Aug-03 

2 

8 

5.0 

2 

0 

0 

31.0 

18.9 

1300.0 

0 

0 

0 

No 

0.0% 

0.4 

0.0 

-83.8% 

-73.6% 

-99.6% 

Not  impaired 

MT4 11006  020 

PRICKLY  PEAR  CREEK  from  Helena  WWTP  Discharge  Ditch  to  Lake  Helena 

01051 

Lead 

17-Jul-03 

12-Aug-03 

7 

26 

16.5 

2 

0 

1 

238.5 

9.2 

15.0 

0 

1 

1 

Yes 

50.0% 

2.8 

1.7 

-93.1% 

78.4% 

10.0% 

Impaired 

MT4 11006  020 

PRICKLY  PEAR  CREEK  from  Helena  WWTP  Discharge  Ditch  to  Lake  Helena 

01092 

Zinc 

17-Jul-03 

12-Aug-03 

26 

67 

46.5 

2 

0 

0 

249.9 

249.9 

2000.0 

0 

0 

0 

No 

0.0% 

0.3 

0.0 

-81.4% 

-81.4% 

-97.7% 

Not  impaired 

MT41I006  030 

PRICKLY  PEAR  CREEK  from  Highway  433  Crossing  to  Helena  WWTP  Discharge 

01002 

Arsenic 

16-Jul-03 

12-Aug-03 

19 

30 

24.5 

4 

0 

4 

340.0 

150.0 

10.0 

0 

0 

4 

Yes 

0.0% 

0.2 

3.0 

-92.8% 

-83.7% 

145.0% 

Impaired 

MT41I006  030 

PRICKLY  PEAR  CREEK  from  Highway  433  Crossing  to  Helena  WWTP  Discharge 

01027 

Cadmium 

16-Jul-03 

12-Aug-03 

0.2 

0.2 

0.2 

4 

0 

0 

2.5 

0.3 

5.0 

0 

0 

0 

No 

0.0% 

0.7 

0.0 

-91.9% 

-32.1% 

-96.0% 

Not  impaired 

MT41I006  030 

PRICKLY  PEAR  CREEK  from  Highway  433  Crossing  to  Helena  WWTP  Discharge 

01042 

Copper 

16-Jul-03 

12-Aug-03 

2 

2 

2.0 

4 

0 

0 

15.5 

10.1 

1300.0 

0 

0 

0 

No 

0.0% 

0.2 

0.0 

-87.1% 

-80.3% 

-99.8% 

Not  impaired 

MT41I006  030 

PRICKLY  PEAR  CREEK  from  Highway  433  Crossing  to  Helena  WWTP  Discharge 

01051 

Lead 

16-Jul-03 

12-Aug-03 

4 

5 

4.5 

4 

0 

4 

93.9 

3.6 

15.0 

0 

4 

0 

No 

100.0% 

1.4 

0.3 

-95.2% 

23.6% 

-70.0% 

Impaired 

MT4 11006  030 

PRICKLY  PEAR  CREEK  from  Highway  433  Crossing  to  Helena  WWTP  Discharge 

01092 

Zinc 

16-Jul-03 

12-Aug-03 

L         14 

24 

19.0 

4 

0 

0 

133.9 

133.9 

2000.0 

0 

0 

0 

No 

0.0% 

0.2 

0.0 

-85.8% 

-85.8% 

-99.1% 

Not  impaired 

MT41I006  040 

PRICKLY  PEAR  CREEK  from  Lump  Gulch  to  Montana  Highway  433  Crossing 

01002 

Arsenic 

04-Jun-99 

12-Aug-03 

4 

30 

11.4 

20 

0 

7 

340.0 

150.0 

10.0 

0 

0 

7 

Yes 

0.0% 

0.2 

3.0 

-96.6% 

-92.4% 

14.5% 

Impaired 

MT4 11006  040 

PRICKLY  PEAR  CREEK  from  Lump  Gulch  to  Montana  Highway  433  Crossing 

01027 

Cadmium 

04-Jun-99 

12-Aug-03 

0.1 

1.19 

0.3 

20 

3 

5 

2.0 

0.3 

5.0 

0 

5 

0 

No 

25.0% 

4.6 

0.2 

-82.9% 

35.4% 

-93.0% 

Impaired 

MT4 11006  040 

PRICKLY  PEAR  CREEK  from  Lump  Gulch  to  Montana  Highway  433  Crossing 

01042 

Copper 

04-Jun-99 

12-Aug-03 

1.7 

20.2 

5.3 

20 

0 

4 

13.1 

8.7 

1300.0 

3 

4 

0 

Yes 

20.0% 

2.3 

0.0 

-59.3% 

-38.8% 

-99.6% 

Impaired 

MT41I006  040 

PRICKLY  PEAR  CREEK  from  Lump  Gulch  to  Montana  Highway  433  Crossing 

01051 

Lead 

04-Jun-99 

1 2-Aug-03 

1 

54 

11.9 

20 

2 

14 

74.4 

2.9 

15.0 

0 

14 

4 

Yes 

70.0% 

18.7 

3.6 

-84.0% 

312.7% 

-20.6% 

Impaired 

MT41I006  040 

PRICKLY  PEAR  CREEK  from  Lump  Gulch  to  Montana  Highway  433  Crossing 

01092 

Zinc 

04-Jun-99 

12-Aug-03 

14 

216 

88.6 

20 

0 

6 

114.6 

114.6 

2000.0 

6 

6 

0 

Yes 

30.0% 

1.9 

0.1 

-22.7% 

-22.7% 

-95.6% 

Impaired 

MT41I006_050 

PRICKLY  PEAR  CREEK  from  Spring  Cr  to  Lump  Gulch 

01002 

Arsenic 

14-Jun-00 

19-Aug-03 

1 

8 

3.6 

23 

2 

0 

340.0 

150.0 

10.0 

0 

0 

0 

No 

0.0% 

0.1 

0.8 

-98.9% 

-97.6% 

-64.1% 

Not  impaired 

MT41I006_050 

PRICKLY  PEAR  CREEK  from  Spring  Cr  to  Lump  Gulch 

01027 

Cadmium 

14-Jun-00 

19-Aug-03 

0,07 

0.685 

0.4 

23 

0 

18 

2.2 

0.3 

5.0 

0 

18 

0 

No 

78.3% 

2.5 

0.1 

-82.1% 

45.7% 

-92.0% 

Impaired 

MT41I006_050 

PRICKLY  PEAR  CREEK  from  Spring  Cr  to  Lump  Gulch 

01042 

Copper 

14-Jun-00 

19-Aug-03 

1 

7.7 

2.9 

23 

0 

0 

14.2 

9.3 

1300.0 

0 

0 

0 

No 

0.0% 

0.8 

0.0 

-79.8% 

-69.4% 

-99.8% 

Not  impaired 

MT41I006_050 

PRICKLY  PEAR  CREEK  from  Spring  Cr  to  Lump  Gulch 

01051 

Lead 

14-Jun-00 

19-Aug-03 

0.1 

19 

3.1 

23 

5 

5 

83.0 

3.2 

15.0 

0 

5 

1 

Yes 

21.7% 

5.9 

1.3 

-96.3% 

-4.8% 

-79.6% 

Impaired 

MT41I006_050 

PRICKLY  PEAR  CREEK  from  Spring  Cr  to  Lump  Gulch 

01092 

Zinc 

14-Jun-00 

19-Aug-03 

48 

249 

128.3 

23 

0 

12 

123.3 

123.3 

2000.0 

12 

12 

0 

Yes 

52.2% 

2.0 

0.1 

4.0% 

4.0% 

-93.6% 

Impaired 

MT41I006_060 

PRICKLY  PEAR  CREEK  from  headwaters  to  Spring  Cr 

01002 

Arsenic 

16-Oct-00 

18-Aug-03 

0.427 

3 

1.5 

11 

5 

0 

340.0 

150.0 

10.0 

0 

0 

0 

No 

0.0% 

0.0 

0.3 

-99.5% 

-99.0% 

-84.6% 

Not  impaired 

MT41I006_060 

PRICKLY  PEAR  CREEK  from  headwaters  to  Spring  Cr 

01027 

Cadmium 

16-Oct-00 

18-Aug-03 

0.02 

0.114 

0.1 

11 

6 

0 

0.9 

0.1 

5.0 

0 

0 

0 

No 

0.0% 

0.8 

0.0 

-90.6% 

-40.7% 

-98.4% 

Not  impaired 

MT41I006_060 

PRICKLY  PEAR  CREEK  from  headwaters  to  Spring  Cr 

01042 

Copper 

16-Oct-00 

18-Aug-03 

0.9 

3.1 

1.4 

11 

2 

0 

6.0 

4.3 

1300.0 

0 

0 

0 

No 

0.0% 

0.7 

0.0 

-76.1% 

-66.6% 

-99.9% 

Not  impaired 

MT41I006_060 

PRICKLY  PEAR  CREEK  from  headwaters  to  Spring  Cr 

01051 

Lead 

16-Oct-00 

18-Aug-03 

0.864 

2 

1.1 

11 

8 

1 

25.8 

1.0 

15.0 

0 

1 

0 

No 

9.1% 

2.0 

0.1 

-95.8% 

7.6% 

-92.8% 

Impaired 

MT41I006_060 

PRICKLY  PEAR  CREEK  from  headwaters  to  Spring  Cr 

01092 

Zinc 

16-Oct-00 

18-Aug-03 

1 

10 

4.6 

11 

3 

0 

56.3 

56.3 

2000.0 

0 

0 

0 

No 

0.0% 

0.2 

0.0 

-91.9% 

-91.9% 

-99.8% 

Not  impaired 

MT41I006_070 

GOLCONDA  CREEK.  Headwaters  to  the  mouth  (Prickly  Pear  Cr)  T  7N,  R3W 

01002 

Arsenic 

16-Oct-00 

18-Aug-03 

1 

2 

1.3 

4 

2 

0 

340.0 

150.0 

10.0 

0 

0 

0 

No 

0.0% 

0.0 

0.2 

-99.6% 

-99.2% 

-87.5% 

Not  impaired 

MT41I006_070 

GOLCONDA  CREEK,  Headwaters  to  the  mouth  (Prickly  Pear  Cr)  T  7N,  R3W 

01027 

Cadmium 

16-Oct-00 

18- Aug-03 

0.17 

0.3 

0.2 

4 

0 

4 

0.8 

0.1 

5.0 

0 

4 

0 

No 

100.0% 

2.3 

0.1 

-73.5% 

63.8% 

-95.7% 

Impaired 

MT41I006_070 

GOLCONDA  CREEK,  Headwaters  to  the  mouth  (Prickly  Pear  Cr)  T  7N,  R3W 

01042 

Copper 

16-Oct-00 

18-Aug-03 

1 

1.9 

1.4 

4 

1 

0 

5.6 

4.1 

1300.0 

0 

0 

0 

No 

0.0% 

0.5 

0.0 

-76.1% 

-66.8% 

-99.9% 

Not  impaired 

MT41I006_070 

GOLCONDA  CREEK,  Headwaters  to  the  mouth  (Prickly  Pear  Cr)  T  7N,  R3W 

01051 

Lead 

16-Oct-00 

18-Aug-03 

3 

15 

6.8 

4 

0 

4 

23.9 

0.9 

15.0 

0 

4 

0 

No 

100.0% 

16.2 

1.0 

-71.8% 

627.2% 

-55.0% 

Impaired 

MT41I006_070 

GOLCONDA  CREEK,  Headwaters  to  the  mouth  (Prickly  Pear  Cr)  T  7N,  R3W 

01092 

Zinc 

16-Oct-00 

18-Aug-03 

22 

42 

30.8 

4 

0 

0 

53.7 

53.7 

2000.0 

0 

0 

0 

No 

0.0% 

0.8 

0.0 

-42.7% 

-42.7% 

-98.5% 

Not  impaired 

MT41I006_080 

SPRING  CREEK  from  Corbin  Cr  to  the  mouth  (Prickly  Pear  Cr) 

01002 

Arsenic 

16-Oct-00 

11 -Aug-03 

5.01 

32 

16.0 

4 

0 

3 

340.0 

150.0 

10.0 

0 

0 

3 

Yes 

0.0% 

0.2 

3.2 

-95.3% 

-89.3% 

60.0% 

Impaired 

MT41 1006^080 

SPRING  CREEK  from  Corbin  Cr  to  the  mouth  (Prickly  Pear  Cr) 

01027 

Cadmium 

16-Oct-00 

11 -Aug-03 

0.8 

2 

1.4 

4 

0 

4 

7.6 

0.7 

5.0 

0 

4 

0 

No 

100.0% 

3.0 

0.4 

-81.5% 

111.0% 

-71.8% 

Impaired 

MT41I006_080 

SPRING  CREEK  from  Corbin  Cr  to  the  mouth  (Prickly  Pear  Cr) 

01042 

Copper 

16-Oct-00 

11 -Aug-03 

4.04 

57 

22.4 

4 

0 

1 

44.1 

26.1 

1300.0 

1 

1 

0 

Yes 

25.0% 

2.2 

0.0 

-49.1% 

-13.9% 

-98.3% 

Impaired 

MT41I006_080 

SPRING  CREEK  from  Corbin  Cr  to  the  mouth  (Prickly  Pear  Cr) 

01051 

Lead 

16-Oct-00 

11 -Aug-03 

8.08 

124 

49.8 

4 

0 

2 

384.4 

14.9 

15.0 

0 

2 

2 

Yes 

50.0% 

8.3 

8.3 

-87.1% 

234.0% 

231.8% 

Impaired 

MT41I006_080 

SPRING  CREEK  from  Corbin  Cr  to  the  mouth  (Prickly  Pear  Cr) 

01092 

Zinc 

16-Oct-00 

11 -Aug-03 

119 

352 

207.0 

4 

0 

1 

344.0 

344.0 

2000.0 

1 

1 

0 

Yes 

25.0% 

1.0 

0.2 

-39.8% 

-39.8% 

-89.7% 

Impaired 

MT41I006_090 

CORBIN  CREEK  from  headwaters  to  the  mouth  (Spring  Cr) 

01002 

Arsenic 

14-Jul-03 

18-Aug-03 

1 

13 

7.0 

2 

1 

1 

340.0 

150.0 

10.0 

0 

0 

1 

Yes 

0.0% 

0.1 

1.3 

-97.9% 

-95.3% 

-30.0% 

Impaired 

MT41I006_090 

CORBIN  CREEK  from  headwaters  to  the  mouth  (Spring  Cr) 

01027 

Cadmium 

14-Jul-03 

18-Aug-03 

17 

59 

38.0 

2 

0 

2 

15.8 

1.1 

5.0 

2 

2 

2 

Yes 

100.0% 

52.1 

11.8 

141.1% 

3255.4% 

660.0% 

Impaired 

MT41I006  090 

CORBIN  CREEK  from  headwaters  to  the  mouth  (Spring  Cr) 

01042 

Copper 

14-Jul-03 

18-Aug-03 

88 

767 

427.5 

2 

0 

2 

85.9 

47.7 

1300.0 

2 

2 

0 

Yes 

100.0% 

16.1 

0.6 

397.4% 

796.6% 

-67.1% 

Impaired 

MT41I006  090 

CORBIN  CREEK  from  headwaters  to  the  mouth  (Spring  Cr) 

01051 

Lead 

14-Jul-03 

18-Aug-03 

12 

54 

33.0 

2 

0 

1 

947.8 

36.7 

15.0 

0 

1 

1 

Yes 

50.0% 

1.5 

3.6 

-96.5% 

-10.2% 

120.0% 

Impaired 

MT41I006  090 

CORBIN  CREEK  from  headwaters  to  the  mouth  (Spring  Cr) 

01092 

Zinc 

14-Jul-03 

18-Aug-03 

6770 

42700 

24735.0 

2 

0 

2 

629.3 

629.3 

2000.0 

2 

2 

2 

Yes 

100.0% 

67.9 

21.4 

3830.8% 

3830.8% 

1136.8% 

Impaired 

MT41I006   100 

MIDDLE  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warm  Springs  Cr  -  P 

01002 

Arsenic 

14-Jun-00 

20-Aug-03 

1 

87 

37.1 

27 

0 

25 

340.0 

150.0 

10.0 

0 

0 

25 

Yes 

0.0% 

0.6 

8.7 

-89.1% 

-75.2% 

271.5% 

Imp  a  eo 

MT41I006_100 

MIDDLE  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warm  Springs  Cr  -  P 

01027 

Cadmium 

14-Jun-00 

20-Aug-03 

0.04 

11.3 

1.4 

27 

1 

26 

2.5 

0.3 

5.0 

2 

26 

1 

Yes 

96.3% 

38.4 

2.3 

-42.6% 

379.6% 

-71.8% 

Impa  reo 

MT41I006   100 

MIDDLE  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warm  Springs  Cr  -  P 

01042 

Copper 

14-Jun-00 

20-Aug-03 

1 

6.8 

3.0 

27 

0 

0 

15.5 

10.1 

1300.0 

0 

0 

0 

No 

0.0% 

0.7 

0.0 

-80.4% 

-70.0% 

-99.8% 

Not  impa'red 

MT41I006   100 

MIDDLE  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warm  Springs  Cr  -  P 

01051 

Lead 

14-Jun-00 

20-Aug-03 

1 

30 

4.1 

27 

7 

6 

93.9 

3.6 

15.0 

0 

6 

2 

Yes 

22.2% 

8.2 

2.0 

-95.7% 

1 1 .9% 

-::  s\- 

npj    :V 

MT41I006   100 

MIDDLE  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warm  Springs  Cr  -  P 

01092 

Zinc 

14-Jun-00 

20-Aug-03 

1 

3370 

368.9 

27 

0 

24 

133.9 

133.9 

2000.0 

24 

24 

1 

Yes 

88.9% 

25.2 

1.7 

1 75.4% 

175.4% 

-81.6% 

Impaired 

MT41I006   110 

WARM  SPRINGS  CREEK  from  the  Middle  Fork  to  the  mouth  (Prickly  Pear  Cr) 

01002 

Arsenic 

11-Oct-00 

20-Aug-03 

9 

16 

13.4 

8 

0 

7 

340.0 

150.0 

10.0 

0 

0 

7 

Yes 

0.0% 

0.1 

1.6 

-96.0% 

-91.0% 

34.4% 

Impaired 

MT41I006   110 

WARM  SPRINGS  CREEK  from  the  Middle  Fork  to  the  mouth  (Prickly  Pear  Cr) 

01027 

Cadmium 

11-Oct-00 

20-Aug-03 

0.091 

0.3 

0.1 

8 

4 

1 

1.3 

0.2 

5.0 

0 

1 

0 

No 

12.5% 

1.6 

0.1 

-90.0% 

-29.7% 

-97.4% 

Impaired 
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MT4 11006   110 

WARM  SPRINGS  CREEK  from  the  Middle  Fork  to  the  mouth  (Prickly  Pear  Cr) 

01042 

Copper 

11-Oct-00 

20-Aug-03 

0.091 

2.5 

1.1 

8 

4 

0 

8.7 

6.0 

1300.0 

0 

0 

0 

No 

0.0% 

0.4 

0.0 

-87.6% 

-82.0% 

-999% 

Not  impaired 

MT4 11006   110 

WARM  SPRINGS  CREEK  from  the  Middle  Fork  to  the  mouth  (Prickly  Pear  Cr) 

01051 

Lead 

11-Oct-00 

20-Aug-03 

0.592 

2 

1.3 

8 

4 

1 

43.2 

1.7 

15.0 

0 

1 

0 

No 

12.5% 

1.2 

0.1 

-97.1% 

-24.8% 

-91.6% 

Impaired 

MT41I006   110 

WARM  SPRINGS  CREEK  from  the  Middle  Fork  to  the  mouth  (Prickly  Pear  Cr) 

01092 

Zinc 

11-Oct-00 

20-Aug-03 

1 

90 

28.5 

8 

1 

1 

79.7 

79.7 

2000.0 

1 

1 

0 

Yes 

12.5% 

1.1 

0.0 

-64.2% 

-64.2% 

-98.6% 

Impaired 

MT4 11006   120 

CLANCY  CREEK  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01002 

Arsenic 

14-Jun-00 

12-Aug-03 

4 

37 

12.8 

18 

0 

7 

340.0 

150.0 

10.0 

0 

0 

7 

Yes 

0.0% 

0.2 

3.7 

-96.2% 

-91.4% 

28.4% 

Impaired 

MT41I006   120 

CLANCY  CREEK  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01027 

Cadmium 

14-Jun-00 

12-Aug-03 

0.06 

2 

0.5 

18 

2 

6 

2.3 

0.3 

5.0 

0 

6 

0 

No 

33.3% 

7.1 

0.4 

-79.5% 

68.5% 

-90.6% 

Impaired 

MT4 11006   120 

CLANCY  CREEK  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01042 

Copper 

14-Jun-00 

12-Aug-03 

1 

23 

4.5 

18 

1 

2 

14.6 

9.6 

1300.0 

2 

2 

0 

Yes 

11.1% 

2.4 

0.0 

-69.1% 

-52.9% 

-99.7% 

Impaired 

MT41I006   120 

CLANCY  CREEK  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01051 

Lead 

14-Jun-00 

12-Aug-03 

0.529 

19 

3.0 

18 

8 

3 

86.3 

3.3 

150 

0 

3 

1 

Yes 

16.7% 

5.7 

1.3 

-96.6% 

-11.1% 

-80.2% 

Impaired 

MT4 11006   120 

CLANCY  CREEK  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01092 

Zinc 

14-Jun-00 

12-Aug-03 

1 

319 

81.9 

18 

1 

5 

126.5 

126.5 

2000.0 

5 

5 

0 

Yes 

27.8% 

2.5 

0.2 

-35.3% 

-35.3% 

-95.9% 

Impaired 

MT41I006  130 

LUMP  GULCH  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01002 

Arsenic 

12-Jun-OO 

19-Aug-03 

0.681 

6 

2.5 

29 

10 

0 

340.0 

150.0 

10.0 

0 

0 

0 

No 

0.0% 

0.0 

0.6 

-99.3% 

-98.3% 

-75.1% 

Not  impaired 

MT4 11006   130 

LUMP  GULCH  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01027 

Cadmium 

12-Jun-OO 

19-Aug-03 

0.03 

3.41 

0.5 

29 

6 

12 

1.1 

0.2 

5.0 

4 

12 

0 

Yes 

41.4% 

20.7 

0.7 

-52.5% 

218.5% 

-89.5% 

Impaired 

MT41I006   130 

LUMP  GULCH  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01042 

Copper 

12-Jun-OO 

19-Aug-03 

1 

5.7 

2.2 

29 

4 

2 

7.4 

5.2 

1300.0 

0 

2 

0 

No 

6.9% 

1.1 

0.0 

-71.0% 

-58.6% 

-99.8% 

Impaired 

MT41I006   130 

LUMP  GULCH  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01051 

Lead 

12-Jun-OO 

19-Aug-03 

0.1 

3 

1.1 

29 

25 

3 

34.6 

1.3 

15.0 

0 

3 

0 

No 

10.3% 

2.2 

0.2 

-96.8% 

-17.4% 

-92.6% 

Impaired 

MT41I006   130 

LUMP  GULCH  from  headwaters  to  the  mouth  (Prickly  Pear  Cr) 

01092 

Zinc 

12-Jun-OO 

19-Aug-03 

3 

1580 

178.2 

29 

1 

14 

68.6 

68.6 

2000.0 

14 

14 

0 

Yes 

48.3% 

23.0 

0.8 

159.8% 

159.8% 

-91.1% 

Impaired 

MT41I006   141 

TENMILE  CREEK,  headwaters  to  the  Helena  PWS  intake  above  Rimini 

01002 

Arsenic 

14-May-97 

27-Sep-01 

3 

167 

17.1 

34 

7 

8 

340.0 

150.0 

10.0 

0 

1 

8 

Yes 

2.9% 

1.1 

16.7 

-95.0% 

-88.6% 

71.5% 

Impaired 

MT4 11006   141 

TENMILE  CREEK,  headwaters  to  the  Helena  PWS  intake  above  Rimini 

01027 

Cadmium 

14-May-97 

27-Sep-01 

0.1 

30.2 

2.3 

34 

6 

28 

0.5 

0.1 

5.0 

24 

28 

3 

Yes 

82.4% 

321.6 

6.0 

357.6% 

2382.1% 

-53.4% 

Impaired 

MT4 11006   141 

TENMILE  CREEK,  headwaters  to  the  Helena  PWS  intake  above  Rimini 

01042 

Copper 

14-May-97 

27-Sep-01 

1 

200 

21.8 

34 

1 

32 

3.6 

2.7 

1300.0 

32 

32 

0 

Yes 

94.1% 

73.2 

0.2 

498.8% 

697.4% 

-98.3% 

Impaired 

MT41I006_141 

TENMILE  CREEK,  headwaters  to  the  Helena  PWS  intake  above  Rimini 

01051 

Lead 

14-May-97 

27-Sep-01 

2 

71 

7.6 

34 

5 

29 

13.2 

0.5 

15.0 

4 

29 

3 

Yes 

85.3% 

138.6 

4.7 

-42.1% 

1393.0% 

-49.0% 

Impaired 

MT41I006_141 

TENMILE  CREEK,  headwaters  to  the  Helena  PWS  intake  above  Rimini 

01092 

Zinc 

14-May-97 

27-Sep-01 

20 

3090 

320.4 

34 

0 

30 

36.0 

36.0 

2000.0 

30 

30 

1 

Yes 

88.2% 

85.7 

1.5 

789.1% 

789.1% 

-84.0% 

Impaired 

MT4 11006    142 

TENMILE  CREEK  From  the  Helena  PWS  intake  above  Rimini  to  the  Helena  WT 

01002 

Arsenic 

15-May-97 

18-Jul-03 

9 

30 

20.0 

20 

0 

18 

340.0 

150.0 

10.0 

0 

0 

18 

Yes 

0.0% 

0.2 

3.0 

-94.1% 

-86.7% 

100.0% 

Impaired 

MT41I006_142 

TENMILE  CREEK  From  the  Helena  PWS  intake  above  Rimini  to  the  Helena  WT 

01027 

Cadmium 

15-May-97 

18-Jul-03 

0.6 

2.8 

1.1 

20 

3 

17 

0.9 

0.1 

5.0 

8 

17 

0 

Yes 

85.0% 

19.4 

0.6 

19.7% 

663.8% 

-78.0% 

Impaired 

MT41I006_142 

TENMILE  CREEK  From  the  Helena  PWS  intake  above  Rimini  to  the  Helena  WT 

01042 

Copper 

15-May-97 

18-Jul-03 

2 

88 

17.9 

20 

0 

14 

6.3 

4.5 

1300.0 

13 

14 

0 

Yes 

70.0% 

19.7 

0.1 

185.2% 

300.1% 

-98.6% 

Impaired 

MT41I006_142 

TENMILE  CREEK  From  the  Helena  PWS  intake  above  Rimini  to  the  Helena  WT 

01051 

Lead 

15-May-97 

18-Jul-03 

1 

13 

4.9 

20 

7 

12 

27.6 

1.1 

15.0 

0 

12 

0 

No 

60.0% 

12.2 

0.9 

-82.2% 

358.1% 

-67.3% 

Impaired 

MT41I006_142 

TENMILE  CREEK  From  the  Helena  PWS  intake  above  Rimini  to  the  Helena  WT 

01092 

Zinc 

15-May-97 

18-Jul-03 

94 

640 

195.5 

20 

0 

20 

59.0 

59.0 

2000.0 

20 

20 

0 

Yes 

100.0% 

10.8 

0.3 

231.4% 

231.4% 

-90.2% 

Impaired 

MT41I006_143 

TENMILE  CREEK  from  the  Helena  WT  plant  to  the  mouth  (Prickly  Pear  Cr) 

01002 

Arsenic 

04-Jun-97 

04-Dec-03 

3 

30 

15.1 

52 

1 

46 

340.0 

150.0 

10.0 

0 

0 

46 

Yes 

0.0% 

0.2 

3.0 

-95.6% 

-89.9% 

51.0% 

Impaired 

MT41I006_143 

TENMILE  CREEK  from  the  Helena  WT  plant  to  the  mouth  (Prickly  Pear  Cr) 

01027 

Cadmium 

04-Jun-97 

04-Dec-03 

0.06 

1.46 

0.3 

52 

2 

23 

2.3 

0.3 

5.0 

0 

23 

0 

No 

44.2% 

5.2 

0.3 

-85.5% 

19.5% 

-93.3% 

Impaired 

MT41I006_143 

TENMILE  CREEK  from  the  Helena  WT  plant  to  the  mouth  (Prickly  Pear  Cr) 

01042 

Copper 

04-Jun-97 

04-Dec-03 

1 

78.9 

7.5 

52 

2 

12 

14.7 

9.7 

1300  0 

4 

12 

0 

Yes 

23.1% 

8.2 

0.1 

-49.0% 

-22.4% 

-99.4% 

Impaired 

MT41I006_143 

TENMILE  CREEK  from  the  Helena  WT  plant  to  the  mouth  (Prickly  Pear  Cr) 

01051 

Lead 

04-Jun-97 

04-Dec-03 

0.06 

69.3 

4.3 

52 

19 

14 

87.2 

3.4 

15.0 

0 

14 

2 

Yes 

26.9% 

20.5 

4.6 

-95.0% 

28.2% 

-71.1% 

Impaired 

MT41I006_143 

TENMILE  CREEK  from  the  Helena  WT  plant  to  the  mouth  (Prickly  Pear  Cr) 

01092 

Zinc 

04-Jun-97 

04-Dec-03 

1 

191 

574 

52 

3 

6 

127.5 

127.5 

2000.0 

6 

6 

0 

Yes 

1 1 .5% 

1.5 

0.1 

-55.0% 

-55.0% 

-97.1% 

Impaired 

MT41I006_150 

SILVER  CREEK  from  headwaters  to  the  mouth  (Lake  Helena) 

01002 

Arsenic 

01-Aug-01 

21-Aug-03 

3 

23 

14.3 

4 

1 

3 

340.0 

150.0 

10.0 

0 

0 

3 

Yes 

0.0% 

0.2 

2.3 

-95.8% 

-90.5% 

42.5% 

Impaired 

MT41I006_150 

SILVER  CREEK  from  headwaters  to  the  mouth  (Lake  Helena) 

01027 

Cadmium 

01-Aug-01 

21-Aug-03 

0.1 

0.1 

0.1 

4 

3 

0 

6.7 

0.6 

5.0 

0 

0 

0 

No 

0.0% 

0.2 

0.0 

-98.5% 

-83.6% 

-98.0% 

Not  impaired 

MT41I006_150 

SILVER  CREEK  from  headwaters  to  the  mouth  (Lake  Helena) 

01042 

Copper 

01-Aug-01 

21-Aug-03 

1 

18 

7.3 

4 

0 

0 

39.1 

23.4 

13000 

0 

0 

0 

No 

0.0% 

0.8 

0.0 

-81.5% 

-69.0% 

-99.4% 

Not  impaired 

MT41I006_150 

SILVER  CREEK  from  headwaters  to  the  mouth  (Lake  Helena) 

01051 

Lead 

01-Aug-01 

21-Aug-03 

2 

4 

2.8 

4 

2 

0 

327.4 

12  7 

15.0 

0 

0 

0 

No 

0.0% 

0.3 

0.3 

-99.2% 

-78.3% 

-81.7% 

Not  impaired 

MT41I006_150 

SILVER  CREEK  from  headwaters  to  the  mouth  (Lake  Helena) 

01092 

Zinc 

01-Aug-01 

21-Aug-03 

1 

10 

5.5 

4 

4 

0 

309.0 

3090 

2000.0 

0 

0 

0 

No 

0.0% 

0.0 

0.0 

-98.2% 

-98.2% 

-99.7% 

Not  impaired 

MT41I006_160 

SEVENMILE  CREEK  from  headwaters  to  the  mouth  (Tenmile  Cr) 

01002 

Arsenic 

05-Jun-97 

04-Dec-03 

8 

28 

154 

21 

0 

18 

340.0 

150.0 

10.0 

0 

0 

18 

Yes 

0.0% 

0.2 

2.8 

-95.5% 

-89.7% 

53.8% 

Impaired 

MT41I006_160 

SEVENMILE  CREEK  from  headwaters  to  the  mouth  (Tenmile  Cr) 

01027 

Cadmium 

05-Jun-97 

04-Dec-03 

0.02 

0.9 

0.1 

21 

8 

1 

5.7 

0.5 

5.0 

0 

1 

0 

No 

4.8% 

1.7 

0.2 

-97.8% 

-77.2% 

-97.5% 

Not  impaired 

MT41I006   160 

SEVENMILE  CREEK  from  headwaters  to  the  mouth  (Tenmile  Cr) 

01042 

Copper 

05-Jun-97 

04-Dec-03 

1 

83 

7.9 

21 

4 

2 

33.6 

20.4 

1300.0 

1 

2 

0 

Yes 

9.5% 

4.1 

0.1 

-76.4% 

-61.2% 

-99.4% 

Impaired 

MT41I006   160 

SEVENMILE  CREEK  from  headwaters  to  the  mouth  (Tenmile  Cr) 

01051 

Lead 

05-Jun-97 

04-Dec-03 

0.46 

66.7 

4.7 

21 

13 

1 

266.2 

10.3 

15.0 

0 

1 

1 

Yes 

4.8% 

6.5 

4.4 

-98.2% 

-54.8% 

-68.9% 

Impaired 

MT41I006   160 

SEVENMILE  CREEK  from  headwaters  to  the  mouth  (Tenmile  Cr) 

01092 

Zinc 

05-Jun-97 

04-Dec-03 

1 

112 

12.5 

21 

7 

0 

269.0 

269.0 

2000.0 

0 

0 

0 

No 

0.0% 

0.4 

0.1 

-95.4% 

-95.4% 

-99.4% 

Not  impaired 

MT41I006_180 

NORTH  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warmsprings  Cr  -  Pri 

01002 

Arsenic 

11-Oct-00 

12-Aug-03 

1 

24 

5.7 

7 

1 

1 

340.0 

150.0 

100 

0 

0 

1 

Yes 

0.0% 

0.2 

2.4 

-98.3% 

-96.2% 

-42.9% 

Impaired 

MT41I006_180 

NORTH  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warmsprings  Cr  -  Pri 

01027 

Cadmium 

11-Oct-00 

12-Aug-03 

0.02 

0.5 

0.1 

7 

4 

1 

1.8 

0.2 

5.0 

0 

1 

0 

No 

14.3% 

2.1 

0.1 

-92.5% 

-42.5% 

-97.3% 

Impaired 

MT41I006   180 

NORTH  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warmsprings  Cr  -  Pri 

01042 

Copper 

11-Oct-00 

12-Aug-03 

1 

2.7 

1.7 

7 

0 

0 

11.7 

7.9 

1300.0 

0 

0 

0 

No 

0.0% 

0.3 

0.0 

-85.5% 

-78.4% 

-99.9% 

Not  impaired 

MT41I006  180 

NORTH  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warmsprings  Cr  -  Pri 

01051 

Lead 

11-Oct-00 

12-Aug-03 

1 

2 

1.1 

7 

6 

0 

64.3 

2.5 

15.0 

0 

0 

0 

No 

0.0% 

0.8 

0.1 

-98.2% 

-54.2% 

-92.4% 

Not  impaired 

MT41I006   180 

NORTH  FK  WARM  SPRINGS  CREEK,  Headwaters  to  mouth  (Warmsprings  Cr  -  Pri 

01092 

Zinc 

11-Oct-00 

12-Aug-03 

1 

164 

24.6 

7 

4 

1 

104.0 

104.0 

2000.0 

1 

1 

0 

Yes 

14.3% 

1.6 

0.1 

-76.4% 

-76.4% 

-98.8% 

Impaired 

MT41I006  210 

JENNIES  FORK  from  headwaters  to  mouth  (Silver  Cr-Missouri  R) 

01002 

Arsenic 

01-Aug-01 

21-Aug-03 

3 

4 

3.5 

4 

0 

0 

340.0 

150.0 

10.0 

0 

0 

0 

No 

0.0% 

0.0 

0.4 

-99.0% 

-97.7% 

-65.0% 

Not  impaireo 

MT41I006  210 

JENNIES  FORK  from  headwaters  to  mouth  (Silver  Cr-Missouri  R) 

01027 

Cadmium 

01-Aug-01 

21-Aug-03 

0.1 

0.1 

0.1 

4 

3 

0 

3.0 

0.3 

5.0 

0 

0 

0 

No 

0.0% 

0.3 

0.0 

-96.6% 

-70.4% 

-98.0% 

Not  impaired 

MT41I006  210 

JENNIES  FORK  from  headwaters  to  mouth  (Silver  Cr-Missouri  R) 

01042 

Copper 

01-Aug-01 

21-Aug-03 

1 

8 

3.0 

4 

0 

0 

18.5 

11.9 

1300.0 

0 

0 

0 

No 

0.0% 

0.7 

0.0 

-83.8% 

-74.7% 

-99.8% 

Not  impaired 

MT41I006  210 

JENNIES  FORK  from  headwaters  to  mouth  (Silver  Cr-Missouri  R) 

01051 

Lead 

01-Aug-01 

21-Aug-03 

1 

16 

5.5 

4 

2 

1 

118.7 

4.6 

15.0 

0 

1 

1 

Yes 

25.0% 

3.5 

1.1 

-95.4% 

19.5% 

-63.3% 

Impaired 

MT41I006  210 

JENNIES  FORK  from  headwaters  to  mouth  (Silver  Cr-Missouri  R) 

01092 

Zinc 

01-Aug-01 

21-Aug-03 

10 

65 

34.8 

4 

1 

n 

156.7 

156.7 

2000.0 

0 

0 

0 

No 

0.0% 

0.4 

0.0 

-77.8% 

-77.8% 

-98.3% 

Not  impaired 

MT41I006  220 

SKELLY  GULCH  tributary  of  Greenhorn  Cr-Sevenmile  Cr    T10N  R5W  Sec  2 

01002 

Arsenic 

31-Jul-01 

20-Aug-03 

9 

10 

9.7 

3 

0 

0 

340.0 

150.0 

10.0 

0 

0 

0 

No 

0.0% 

0.1 

1.0 

-97.2% 

-93.6% 

-3.3% 

Not  impairec 
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MT41I006  220 

SKELLY  GULCH  tributary  of  Greenhorn  Cr-Sevenmile  Cr    T10N  R5W  Sec  2 

01027 

Cadmium 

31-Jul-01 

20-Aug-03 

0.1 

0.1 

0.1 

3 

3 

0 

3.8 

0.4 

5.0 

0 

0 

0 

No 

0.0% 

0.0 

0.0 

-97.4% 

-75.3% 

-98.0% 

Not  impaired 

MT41I006_220 

SKELLY  GULCH  tributary  of  Greenhorn  Cr-Sevenmile  Cr    T10N  R5W  Sec  2 

01042 

Copper 

31-Jul-01 

20-Aug-03 

1 

2 

1.3 

3 

2 

0 

23.2 

14.6 

1300.0 

0 

0 

0 

No 

0.0% 

0.1 

0.0 

-94.3% 

-90.9% 

-99.9% 

Not  impaired 

MT41I006_220 

SKELLY  GULCH  tributary  of  Greenhorn  Cr-Sevenmile  Cr    T10N  R5W  Sec  2 

01051 

Lead 

31-Jul-01 

20-Aug-03 

1 

2 

1.3 

3 

3 

0 

161.8 

6.3 

15.0 

0 

0 

0 

No 

0.0% 

0.0 

0.1 

-99.2% 

-78.7% 

-91.1% 

Not  impaired 

MT41I006_220 

SKELLY  GULCH  tributary  of  Greenhorn  Cr-Sevenmile  Cr    T10N  R5W  Sec  2 

01092 

Zinc 

31-Jul-01 

20-Aug-03 

1 

10 

4.0 

3 

3 

0 

192.8 

192.8 

2000.0 

0 

0 

0 

No 

0.0% 

0.0 

0.0 

-97.9% 

-97.9% 

-99.8% 

Not  impaired 

MT41I007_010 

LAKE  HELENA 

01002 

Arsenic 

09-Aug-02 

29-Aug-03 

8 

46 

24.6 

16 

0 

15 

340.0 

150.0 

10.0 

0 

0 

15 

Yes 

0.0% 

0.3 

4.6 

-92.8% 

-83.6% 

145.6% 

Impaired 

MT41I007  010 

LAKE  HELENA 

01027 

Cadmium 

09-Aug-02 

29-Aug-03 

0.1 

0.3 

0.2 

14 

3 

0 

3.7 

0.4 

5.0 

0 

0 

0 

No 

0.0% 

0.8 

0.1 

-95.4% 

-56.9% 

-96.6% 

Not  impaired 

MT41I007_010 

LAKE  HELENA 

01042 

Copper 

09-Aug-02 

29-Aug-03 

2 

8 

3.9 

14 

0 

0 

22.8 

14.4 

1300.0 

0 

0 

0 

No 

0.0% 

0.6 

0.0 

-83.1% 

-73.1% 

-99.7% 

Not  impaired 

MT41I007_010 

LAKE  HELENA 

01051 

Lead 

09-Aug-02 

29-Aug-03 

2 

11 

5.9 

14 

0 

6 

157.6 

6.1 

15.0 

0 

6 

0 

No 

42.9% 

1.8 

0.7 

-96.3% 

-4.1% 

-61.0% 

Impaired 

MT41I007  010 

LAKE  HELENA 

01092 

Zinc 

09-Aug-02 

29-Aug-03 

5 

48 

16.9 

14 

2 

0 

189.4 

189.4 

2000.0 

0 

0 

0 

No 

0.0% 

0.3 

0.0 

-91.1% 

-91.1% 

-99.2% 

Not  impaired 

Appendix  H:  SSTEMP  Modeling 


Appendix  H Lake  Helena  Watershed  Planning  Area 


H.1.0  SSTEMP  Modeling  Assumptions 

The  SSTEMP  model  was  chosen  to  simulate  stream  temperatures  in  the  suspected  thermally  impaired 
segments  of  Prickly  Pear  Creek,  MT41I006_030  and  MT41I006_020.  The  goals  of  the  SSTEMP 
modeling  were  to  create  realistic  temperature  models;  to  ascertain  the  relative  benefits  of  restoration 
measures,  such  as  enhancing  riparian  vegetation;  and  to  evaluate  modeling  results  against  naturally 
occurring  temperature  for  Prickly  Pear  Creek.  Values  for  the  model  input  parameters  were  assigned 
based  on  available  monitoring  data  or  on  default  parameters  suggested  in  the  SSTEMP  User's  Manual 
(Bartholow,  2002).  This  section  summarizes  the  basis  for  the  hydrology,  channel  geometry,  shading,  and 
meteorology  modeling  assumptions. 

1 1. 1 . 1  Hydrologic  Input 

For  both  segments  MT41I006_030  and  MT41I006020,  values  for  inflow,  inflow  temperature,  and 
segment  outflow  were  drawn  from  actual  field  data.  The  date  chosen  to  be  modeled  was  August  7th, 
2003,  as  detailed  temperature  data  existed  for  these  segments  from  a  diel  dissolved  oxygen  and 
temperature  survey. 

In  segment  MT41I006030,  the  model  was  run  under  the  assumption  that  the  stream  flowed  for  the  entire 
length  of  the  segment,  and  gained  1 .5  cfs  of  flow  from  the  top  to  the  bottom  of  the  segment.  Generally 
the  stream  is  dry  in  about  one  half  mile  of  this  4.4  mile  segment  during  the  summer  irrigation  season. 
Flow  data  measured  during  the  summer  of  2003  when  the  middle  of  the  segment  was  dry  showed  that  an 
average  of  1.5  cfs  of  inflow  was  gained  near  the  end  of  the  reach.  Due  to  varied  water  temperatures 
reflected  in  available  well  data  for  the  area,  the  default  accretion  value  was  used  in  the  model  (USGS 
NWIS,  2004).  The  inflow  temperature  was  taken  from  the  median  August  temperature  recorded  on  a 
thermograph  deployed  in  segment  MT41I006_040  at  East  Helena  in  2003.  Table  H-l  lists  the  input 
hydrologic  values. 

For  segment  MT41I006_020,  the  model  was  first  run  on  a  2.6  mile  sub-reach  of  the  segment  extending 
from  Canyon  Ferry  Road  to  Sierra  Road  in  order  to  calibrate  the  model.  A  second  model  was  then  run  for 
the  entire  5.9  mile  length  of  the  segment.  Multiple  sources  of  inflow  are  present  within  this  segment 
including  the  City  of  Helena  wastewater  treatment  plant  discharge  (WWTP),  tile  drainage  and  surplus 
irrigation  water  discharges  associated  with  the  Helena  Valley  Irrigation  District  operations,  and  ground 
water  discharge.  Discharges  from  the  WWTP  and  irrigation  drains  tend  to  be  highly  variable  due  to 
seasonal  land  application  of  the  wastewater  and  sporadic  irrigation  water  demands.  Flow  measurements 
during  the  summers  of  2003  and  2004  showed  that  an  average  of  15  cfs  was  gained  between  the  site 
above  Stansfield  Lake  (near  the  beginning  of  segment  MT41I006020  and  just  below  York  Road))  and 
the  sampling  site  at  Sierra  Road.  However,  observations  on  August  7th,  2003  indicated  that  less  than  half 
of  this  gain  was  occurring.  Therefore  model  input  values  for  inflows  to  the  segment  and  inflow  water 
temperature  were  back  calculated  to  achieve  the  actual  measured  flows  and  temperatures  at  Sierra  Road. 
Input  flow  and  temperature  values  for  the  first  modeling  run  were  set  at  4  cfs  and  61  degrees  Fahrenheit  (° 
F).    For  the  second  model,  a  gain  of  14  cfs  was  estimated  to  occur  along  the  entire  segment.  Due  to 
varied  temperatures  shown  in  the  available  well  data  for  the  area,  the  default  accretion  value  was  used  in 
the  model  (USGS  NWIS,  2004).  Table  H-l  lists  the  input  hydrologic  values. 


Table  H-l.  Hydrologic  inputs  for  current  conditions  in  segments  MT4 11006  030  and  MT41I006020. 


Parameter 


MT4 11006  030 


MT41I006_020 
-  to  Sierra  Road 


MT4 11006  020 
-  entire  segment 
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Segment  Inflow  (cfs) 

1 

4 

4 

Inflow  Temperature  (°  F) 

(.7.5 

61 

61 

Segment  Outflow  (cfs) 

2.5 

7.5 

18 

Accretion  Temperature  (° 
F) 

55 

55 

55 

H.1.2  Channel  Geometry 

Topographic  maps  and  GIS  layers  were  used  to  calculate  elevation,  aspect,  and  stream  length  for 
segments  MT41I006_030  and  MT41I006_020.  The  Width's  A  and  B  term  represent  the  wetted  width  to 
discharge  relationship,  where  W  =  A*QB  (W  =  known  width,  A=  untransformed  y-intercept  of  the 
relationship  between  the  natural  log  of  width  versus  the  natural  log  of  discharge,  Q  =  known  discharge, 
and  B  =  power  relationship)  (Bartholow,  2002).  The  Width's  A  and  B  term  were  calculated  from  2003 
and  2004  channel  cross-sectional  measurements  taken  during  flow  gauging  (Figures  1  and  2).  Because 
the  relationship  tends  to  break  down  at  low  flow  levels,  only  two  of  three  flow  measurement  runs  were 
used  for  Prickly  Pear  Creek  at  Wylie  Drive  (one  high  and  one  low  flow).  Manning's  n  was  selected  based 
on  the  stream  segments'  geomorphic  characteristics.  Table  H-2  lists  the  input  geometry  values. 


H-4 
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Lake  Helena  Watershed  Planning  Area 


Figure  H-l.  Width  to  flow  relationship  for  MT41I006030  based  on  data  from  the  sample  site  at  Wylie 
Drive. 
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Figure  H-2.  Width  to  flow  relationship  for  MT41I006020  based  data  from  the  sample  site  at  Sierra 
Road. 
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Table  H-2.  Geometry  inputs  for  segments  MT4 11006  030  and  MT4 11006  020. 

Parameter 

MT41I006030 

MT41I006_020 
-  to  Sierra  Road 

MT41I006020 
-  entire  segment 

Latitude  (degrees) 

46.6 

46.7 

46.7 

Dam  at  Head  of 
Segment 

not  checked 

not  checked 

not  checked 

Segment  Length 

4.42 

2.62 

5.92 

Upstream  Elevation  (ft) 

3840 

3705 

3705 

Downstream  Elevation 
(ft) 

3705 

3680 

3650 

Width's  A  Term  (s/fr) 

14.4 

14.8 

14.8 

B  Term 

0.11 

0.19 

0.19 

Manning's  n 

0.032 

0.031 

0.030 

H.1.3  Optional  Shading  Variables 

Shading  variables  were  adjusted  based  on  a  review  of  aerial  photos  and  field  observation,  while  some 
default  values  were  kept  for  segments  MT41I006030  and  MT41I006_020  (Table  H-3).  The  default 
values  were  kept  for  topographic  altitude  and  vegetation  height. 


Table  H-3.  Shading  inputs  for  segments  MT4 11006 

030  and  MT4 11006  020. 

Parameter 

MT41I006  030 

MT41I006  020 

Segment  Azimuth  (degrees) 

-A 

[5 

15 

Topographic  Altitude  (degrees) 

West 

East 

West 

East 

25 

15 

25 

15 

Vegetation  Height    (ft) 

25 

35 

25 

35 

Vegetation  Crown  (ft) 

10 

15 

15 

10 

Vegetation  Offset  (ft) 

5 

5 

5 

5 

Vegetation  Density  (%) 

20 

60 

60 

20 

H.1.4  Meteorology 

Detailed  weather  data  for  August  7lh,  2003  were  acquired  for  the  Helena  Regional  Airport  from  the 
Weather  Underground  website  (2004).  Air  temperature  and  relative  humidity  values  were  corrected  for 
elevation  differences  between  the  weather  station  and  average  values  for  the  stream  segments  (Bartholow, 
2002).  The  default  values  were  used  for  ground  temperature,  thermal  gradient,  possible  sun,  dust 
coefficient,  and  ground  reflectivity  values.  Table  H-4  lists  the  input  meteorology  values. 


H-6 
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Table  H-4.  Meteorology  inputs  for  segments  MT4 11006  030  and  MT4 11006  020. 

Parameter 

MT41I006  030 

MT41I006  020 

Air  Temperature  (°F) 

78.44 

78.73 

Maximum  Air  Temperature  (°F) 

not  checked 

not  checked 

Relative  Humidity  (%) 

32.8 

32.5 

Wind  Speed  (mph) 

7.1 

7.1 

Ground  Temperature  (°  F) 

55 

55 

Thermal  Gradient  (j/m7s/C) 

1.65 

1.65 

Possible  Sun  (%) 

90 

90 

Dust  Coefficient 

5 

5 

Ground  Reflectivity  (%) 

25 

25 

SSTEMP  Model 
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H.2.0  SSTEMP  Modeling  Scenarios 

Various  SSTEMP  modeling  runs  were  conducted  for  segments  MT41I006_030  and  MT41I006_020.  The 
goals  of  the  modeling  runs  were  threefold:   1)  to  create  reasonably  accurate  temperature  models  for 
segments  MT41 1006030  and  MT41I006_020;  2)  to  evaluate  the  potential  effectiveness  of  various 
restoration  measures  in  reducing  instream  water  temperatures  in  these  segments;  and  3)  to  compare 
modeled  temperatures  for  Prickly  Pear  Creek  to  naturally  occurring  temperatures  so  that  results  could  be 
evaluated  using  B-l  temperature  standards.  See  Part  5  for  the  model  outputs  and  sensitivity  analyses. 

The  calibration  models  for  segments  MT41I006030  and  MT41I006020  were  run  using  the  input  data 
discussed  in  Section  1.  For  segment  MT41I006_020,  two  calibration  models  were  run:  1)  from  the 
beginning  of  the  segment  to  Sierra  Road,  and  2)  for  the  entire  segment. 

Restoration  measures  of  riparian  vegetation  enhancement,  cooler  inflow  temperatures,  and  flow 
augmentation  were  then  modeled  in  order  to  assess  the  effectiveness  of  each  measure  alone  as  well  as  in 
combination.  For  segment  MT41I006030,  vegetation  density  was  increased  from  20  to  60%  on  the  west 
and  from  60  to  75%  on  the  east.  Vegetation  density  for  segment  MT41I006_020  was  increased  from  60 
to  75%  on  the  west  and  from  20  to  60%  on  the  east.  Inflow  temperature  for  segment  MT41I006030  was 
modeled  at  5  degrees  less  than  the  current  temperature.  In  another  scenario  for  segment  MT41I006030, 
the  inflow  was  augmented  to  30  cfs.  This  value  represents  the  upper  inflection  point  modeled  by  the 
Montana  Department  of  Fish,  Wildlife  and  Parks  as  needed  to  support  a  viable  salmonid  fishery  in  the 
lower  reaches  of  Prickly  Pear  Creek  (MFWP,  1989).  In  order  to  calculate  inflow  temperature  at  the 
beginning  of  segment  MT41I006020  resulting  from  augmented  flows  in  segment  MT41I006030,  the 
equation  for  the  temperature  of  mixing  streams  was  used  (Bartholow,  2002).  First,  the  temperature  of 
inflow  from  the  Helena  wastewater  treatment  plant  (WWTP,  2.5  cfs  at  X°  F)  was  back  calculated  from  the 
calibration  model  with  the  diel  data  from  the  lower  site  on  MT41I006030  (1.5  cfs  at  59.4°  F).  The  result 
of  the  back  calculation  was  62  °  F.  The  inflow  temperature  value  (62  °  F)  and  flow  contribution  (2.5  cfs) 
for  the  WWTP  were  combined  with  the  model  outputs  from  segment  MT41I006030  to  generate  model 
input  values  for  segment  MT41I006020. 

Naturally  occurring  temperature  for  segment  MT41I006030  was  believed  to  be  the  restoration  model 
with  an  inflow  of  30cfs  at  62.5  °  F  with  enhanced  riparian  vegetation  density  along  the  segment.  For 
segment  MT41I006020,  naturally  occurring  temperature  was  believed  to  be  the  restoration  model  that 
used  the  model  output  from  the  natural  temperature  model  for  segment  MT41I006_030  and  augmented 
riparian  vegetation  density  along  the  segment. 
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H.3.0  SSTEMP  Modeling  Results 

SSTEMP  modeling  results  were  compared  to  diel  temperature  survey  data  collected  on  August  7th,  2003. 
For  segment  MT41I006030,  model  outputs  were  compared  to  diel  temperature  data  collected  near  the 
beginning  of  the  segment  (just  below  Wylie  Drive,  Table  H-5).  For  segment  MT41I006_020,  model 
outputs  were  compared  to  diel  temperature  data  collected  at  Sierra  Road  (Table  H-5).  Bartholow  states 
that  "the  theoretical  basis  for  the  model  is  strongest  for  the  mean  daily  temperature"  (p.  13,  2002). 
Therefore,  mean  temperature  values  were  given  the  most  consideration. 

Table  H-5.  Diel  temperature  collected  on  August  7th,  2003  for  segments  MT41I006030  and 
MT4 11006  020. 


Statistics 

MT41I006  030 

MT41I006  020 

Mean 

69.4  °  F 

65.0°  F 

Median 

68.4  °F 

63.9°  F 

Standard  Deviation 

5.6  °F 

5.5°F 

Minimum 

62.8  °F 

59.0°  F 

Maximum 

78.1  °F 

73.8°  F 

The  calibration  model  for  segment  MT41I006030  produced  mean  temperature  results  within  1%  of  the 
measured  value  (Table  H-6).  The  modeled  value  of  68.7°  F  is  0.7°  F  less  than  the  measured  value.  This 
is  a  reasonable  outcome  given  that  the  measured  temperature  was  recorded  at  the  beginning  of  the 
segment  before  any  inflow  from  groundwater  was  gained. 

The  calibration  models  for  segment  MT41I006020  produced  similar  results  (Table  H-6).  The  first  model 
for  segment  MT41I006020  was  run  to  the  point  of  measured  data  collection,  where  inflow  and  inflow 
temperature  were  adjusted  to  fit  the  observed  mean  temperature.  Again,  the  modeled  mean  value  of  64.1  ° 
F  for  the  entire  segment  is  less  than  the  measured  value  recorded  near  the  middle  of  the  segment.  The 
difference  is  greater  in  segment  MT41I006020  than  in  segment  MT41I006030  due  to  the  larger  amount 
of  water  gained  in  this  segment. 
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Table  H-6.  Results 

>  of  the  calibration  models  for  segments 

MT4 11006  030  and  MT4 11006  020. 

Segment 

Parameter 

Value 

Difference  from 
Measured  Value 

%  Different 

MT4 11006  030 

Mean 

68.7°  F 

-0.7  °F 

1 

Maximum 

78.3  °  F 

+0.2  °  F 

0 

Minimum 

59.1  °F 

-3.7°  F 

6 

MT41I006020 
to  Sierra  Road 

Mean 

65.0°  F 

+0.0  °F 

0 

Maximum 

74.1"  F 

+0.4°  F 

1 

Minimum 

55.9°  F 

-3.PF 

5 

MT41I006_020 
entire  segment 

Mean 

64.1  °F 

-0.9°  F 

1 

Maximum 

72.0°  F 

-1.8°F 

2 

Minimum 

56.2°  F 

-2.8  °F 

5 

For  current  conditions  (low  flow),  increasing  riparian  vegetation  density  from  20  to  60%  on  the  west  and 
from  60  to  75%  on  the  east  for  segment  MT41I006_030  will  result  in  the  largest  mean  water  temperature 
reduction.  Should  flows  be  augmented  to  30  cfs  in  this  segment,  the  inflows  will  need  to  be  cooler  to  see 
much  of  a  reduction  in  mean  water  temperature.  Cooler  inflows  at  30  cfs  with  augmented  vegetative 
density  would  have  the  greatest  improvement  on  mean  temperature  in  segment  MT41I006020  (Table  H- 
7). 

Similar  results  were  modeled  for  segment  MT41I006020.  Under  current  conditions,  improving 
vegetative  density  from  60  to  75%  on  the  west  and  from  20  to  60%  on  the  east  could  reduce  mean  water 
temperature  by  about  2.5  °  F.  Should  flows  be  augmented  in  segment  MT41I006_030,  the  result  will  be 
to  increase  heating  in  segment  MT41I006020,  unless  cooler  inflows  and  increased  vegetation  density  are 
achieved  in  segment  MT41I006_030  (Table  7). 
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Table  H-7.  Results  of  the  restoration  models  for  segments  MT4 11006  030  and  MT4 11006 

020. 

Segment 

Restoration  Measure 

Parameter 

Value 

Difference 

from 
Measured 

Value 

% 
Different 

MT4 11006  030 

1 .  Increase  vegetation 
density 

Mean 

66.0  °F 

-3.4°  F 

5 

MT4 11006  030 

2.  Cool  inflow  by  5  °F 

Mean 

68.7°  F 

-0.7  °F 

1 

MT4 11006  030 

3.  Increase  vegetation 
density  and  cool 
inflow 

Mean 

66.0°  F 

-3.4°  F 

5 

MT4 11006  030 

4.  Increase  inflow  to 
30cfs 

Mean 

68.4°  F 

-1.0°F 

1 

MT4 11006  030 

5.  Increase  vegetation 
density  and  inflow  to 
30cfs 

Mean 

67.5  °F 

-2.0  °F 

3 

MT4 11006  030 

6.  Increase  inflow  to 
30  cfs  and  cool  by  5 
°F 

Mean 

65.2°  F 

-4.2  °F 

6 

MT4 11006  030 

7.  Increase  vegetation 
density,  inflow  to  30 
cfs,  and  cool  by  5  °F 

Mean 

64.3  °F 

-5.1°F 

7 

MT4 11006  020 

1 .  Increase  vegetation 
density 

Mean 

62.5  °F 

-2.5  °F 

4 

MT4 11006  020 

2.  Inflow  from 
restoration  4  in 
segment 
MT4 11006  030 

Mean 

66.3  °F 

+  1.3°F 

2 

MT4 11006  020 

3.  Increase  vegetation 

density  with  inflow 

from  restoration  4  in 

segment 

MT4 11006  030 

Mean 

65.3  °F 

+0.3  °  F 

0 

MT4 11006  020 

4.  Inflow  from 
restoration  6  in 
segment 
MT4 11006  030 

Mean 

65.2  °F 

+0.2  °F 

0 

MT4 11006  020 

5.  Increase  vegetation 

density  with  inflow 

from  restoration  6  in 

segment 

MT4 11006  030 

Mean 

64.2  °F 

-0.8  °F 

1 

MT4 11006  020 

6.  Inflow  from 
restoration  7  in 
segment 
MT4 11006  030 

Mean 

64.9°  F 

-0.1  °F 

0 
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Segment 

Restoration  Measure 

Parameter 

Value 

Difference 

from 
Measured 

Value 

0/ 

/o 
Different 

MT4 11006  020 

7.  Increase  vegetation 

density  with  inflow 

from  restoration  7  in 

segment 

MT4 11006  030 

Mean 

63.9°  F 

-1.1°F 

2 

MT41I006_020 
to  Sierra  Road 

7.  Increase  vegetation 

density  with  inflow 

from  restoration  7  in 

segment 

MT4 11006  030 

Mean 

64.5  °F 

-0.5  °  F 

1 

In  comparison  to  natural  temperatures,  under  current  modeled  conditions  (calibration  model)  segment 
MT41I006030  is  in  violation  of  B-l  temperature  standards  (the  goal  for  this  I-class  stream).  Montana 
Administrative  Rules  for  B-l  standards  state  that  "the  maximum  allowable  increase  over  naturally 
occurring  temperature  (if  the  naturally  occurring  temperature  is  less  than  67°  F)  is  1  °  F  (ARM  17.30.629). 
SSTEMP  modeled  segment  MT41I006030  with  4.4  degrees  in  excess  of  natural  temperature  (Table  H- 
8).  Accounting  for  uncertainty  of  the  models  for  segment  MT41I006030,  the  stream  is  at  best  2.6  "For 
at  worst  6.2  °  F  above  natural  temperatures.  Segment  MT41I006_020  is  probably  in  violation  of  B-l 
temperature  standards  as  well  (Table  H-8).  Although  the  differences  from  natural  values  for  both 
calibrations  models  are  less  than  one  degree,  once  model  uncertainty  is  accounted  for  the  possibility  of 
violating  the  state's  standard  must  be  considered. 

Table  H-8.  Current  conditions  versus  natural  conditions  for  segments  MT41I006_030  and 
MT4 11006  020. 


Segment 

Current 

Temperature 

(Mean) 

Calibration 
Model 

Uncertainty 
(Mean) 

Natural 

Temperature 

(Mean) 

Natural 

Model 

Uncertainty 

(Mean) 

Difference 

from  Natural 

Value 

(Best  and 
Worst  Case) 

MT41I006_030 

68.7  °F 

±1.0°F 

64.3  °F 

±0.8°F 

+4.4  °  F 
(2.6  to  6.3) 

MT41I006_020to 
Sierra  Road 

65.0°  F 

±  1.4  °F 

64.5  °  F 

±  0.9  °  F 

-0.5  °F 
("1.8  to  2.8) 

MT41I006_020  (whole 
segment) 

64. 1  °  F 

±  1.8°F 

63.9°  F 

±1.2°F 

-0.2  °F 
("2.8  to  3.2) 
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H.5.0  Conclusions 

Limited  in-stream  field  data  were  available  to  calibrate  the  SSTEMP  models.  The  calibration  data 
collected  in  2003  represented  extreme  drought  conditions  and  unusually  hot  weather.  This  is  especially 
important  given  the  fact  that  air  temperature  is  a  very  significant  variable  for  the  SSTEMP  model. 
Nonetheless,  the  calibration  models  appeared  to  give  reasonable  estimates  of  mean  temperature  for  both 
of  the  suspected  thermally  impaired  segments  of  Prickly  Pear  Creek. 

The  goals  of  modeling  with  SSTEMP  were  to  determine  the  relative  benefits  of  restoration  measures, 
such  as  augmenting  flows,  and  to  determine  if  B-l  temperature  standards  are  violated  within  the 
suspected  thermally  impaired  segments.  The  modeled  average  temperatures  for  segments  MT41I006_020 
and  MT41I006_030  were  above  the  natural  temperatures,  and  thus  violate  the  state  standard  set  for  B-l 
class  streams  naturally  below  67°  F.  Of  the  significant  'controllable'  variables  revealed  in  the  sensitivity 
analysis,  increasing  riparian  vegetation  density  appeared  to  have  the  greatest  potential  impact  on  reducing 
mean  instream  water  temperatures.  Other  significant  'controllable'  variables  in  order  of  importance  were 
inflow  temperature,  streamflow,  and  channel  morphology  variables.  When  flows  were  augmented  the 
input  flow  temperatures  became  even  more  important  than  air  temperatures.  Should  the  ultimate  goal  of 
restoring  coldwater  fisheries  and  associated  aquatic  life  in  lower  Prickly  Pear  Creek  be  realized,  it  would 
appear  that  restoration  measures  will  need  to  extend  upstream  of  the  listed  segments  in  order  to  reduce 
inflow  temperatures  below  those  recorded  in  segment  MT41I006040  in  2003. 
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H.7.0  SSTEMP  Model  Output 

Prickly  Pear  Segment  MT41I006030 

Scenario  1.  Current  conditions  with  no  diversions  in  segment. 


SSTEMP  (2.0.8)" 

English", 

"Segment  Inflow  (cfs)", 

"1.000" 

English", 

"Inflow  Temperature  (°F)", 

"67.500" 

English", 

"Segment  Outflow  (cfs)". 

"2.500" 

English", 

"Accretion  Temp.  (°F)", 

"55.000" 

English", 

"Latitude  (degrees)", 

"46.600" 

English", 

"Segment  Length  (mi)". 

"4.420" 

English", 

"Upstream  Elevation  (ft)". 

"3840.00" 

English", 

"Downstream  Elevation  (ft)" 

"3705.00" 

English". 

"Width's  A  Term  (s/ft2)", 

"14.400" 

English", 

"  B  Term  where  W  =  A*Q*J| 

CB",        "0.110" 

English", 

"Manning's  n", 

0.032" 

English", 

"Air  Temperature  (°F)", 

"78.440" 

English", 

"Relative  Humidity  (%)", 

"32.800" 

English", 

"Wind  Speed  (mph)", 

"7.100" 

English", 

"Ground  Temperature  (°F)", 

"55.000" 

English", 

"Thermal  gradient  (j/m2/s/C)' 

',      "1.650" 

English", 

"Possible  Sun  (%)", 

"90.000" 

English", 

"Dust  Coefficient", 

"5.000" 

English", 

"Ground  Reflectivity  (%)", 

"25.000" 

English", 

"Solar  Radiation  (Langleys/d)",     "630.940" 

English", 

"Total  Shade  (%)", 

"29.473" 

English", 

"Segment  Azimuth  (degrees) 

"-45.000" 

West  Side  Variables" 

English",         "Topographic  Altitude  (degrees)",  "25.000" 
English",  "Vegetation  Height  (ft)",  "25.000" 

English",  "Vegetation  Crown  (ft)",  "10.000" 

English",  "Vegetation  Offset  (ft)",  "5.000" 

English",  "Vegetation  Density  (%)",  "20.000" 

East  Side  Variables" 

English",  "Segment  Azimuth  (degrees)",        "15.000" 

English",         "Topographic  Altitude  (degrees)",  "35.000" 
English",         "Vegetation  Height  (ft)",  "15.000" 

English",         "Vegetation  Crown  (ft)",  "5.000" 

English",  "Vegetation  Offset  (ft)",  "60.000" 

English",  "  Maximum  Air  Temp  (°F)",  "83.422" 

Dam  at  Head  of  Segment", "Unchecked" 
Maximum  Air  Temp  (°F)", "Unchecked" 
Solar  Radiation","Disabled" 
Total  Shade'V'Disabled" 
Month/day","08/07" 

"Predicted  Mean  (°F)  =  68.68" 

"Estimated  Maximum  (°F)  =  78.29" 

"Approximate  Minimum  (°F)  =  59.08" 

"Mean  Equilibrium  (°F)  =  70.77" 

"Maximum  Equilibrium  (°F)  =  79.15" 

"Minimum  Equilibrium  (°F)  =  62.39" 
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Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  68.68°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.13      +0.13* 

Inflow  Temperature  (°F)  -0.02      +0.02 

Segment  Outflow  (cfs)  +0.27      -0.29** 

Accretion  Temp.  (°F)  -0.73      +0.73  ***** 

Width's  A  Term  (s/ft2)  -0.23      +0.27  ** 

B  Term  where  W  =  A*Q**B         -0.02      +0.02 
Manning's  n  +0.00      +0.00 

Air  Temperature  (°F)  -4  53      +4  31  ****************************** 

Relative  Humidity  (%)  -0.72      +0.73***** 

Wind  Speed  (mph)  +0.3 1      -0.34  ** 

Ground  Temperature  (°F)  -0.23      +0.23** 

Thermal  gradient  (j/m2/s/C)        +0.06     -0.06 
Possible  Sun  (%)  -0.31      +0.44*** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.17      +0.17* 

West  Side: 

Topographic  Altitude  (degrees)     +0.09      -0.07  * 
Vegetation  Height  (ft)  +0.03      -0.04 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0. 11      -0.11* 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.15      -0.15* 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  78.29°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs) 

-0.06      +0.06 

Inflow  Temperature  (°F) 

-0.01      +0.01 

Segment  Outflow  (cfs) 

+0.16      -0.16* 

Accretion  Temp.  (°F) 

-0.29      +0.29  ** 

Width's  A  Term  (s/ft2) 

-0.23      +0.27  ** 

B  Term  where  W  =  A*Q' 

**B         -0.01      +0.02 

Manning's  n 

+0.05      -0.06 

Air  Temperature  (°F) 

-3  98      +3  81  ****************************** 

Relative  Humidity  (%) 

-0.58      +0.59  **** 

Wind  Speed  (mph) 

+0.58      -0.62  ***** 

Ground  Temperature  (°F) 

-0.21      +0.21  ** 

Thermal  gradient  (j/m2/s/C)        +0.09      -0.09  * 

Possible  Sun  (%) 

-0.63      +0.86  ****** 

Dust  Coefficient 

+0.04      -0.04 

Ground  Reflectivity  (%) 

-0.04      +0.04 
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Segment  Azimuth  (degrees)         -0.30      +0.30  ** 
West  Side: 

Topographic  Altitude  (degrees)     +0.17      -0.13* 
Vegetation  Height  (ft)  +0.05      -0.07  * 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.20      -0.20** 

East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.02 
Vegetation  Height  (ft)  +0.04     -0.04 

Vegetation  Crown  (ft)  +0.06      -0.06 

Vegetation  Offset  (ft)  -0.04      +0.04 

Vegetation  Density  (%)  +0.27      -0.27** 
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Scenario  2.  Same  as  Scenario  1  but  increase  vegetation  density 

'SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "1.000" 

'English",         "Inflow  Temperature  (°F)",         "67.500" 
'English",  "Segment  Outflow  (cfs)",  "2.500" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.600" 

'English",         "Segment  Length  (mi)",  "4.420" 

'English",  "Upstream  Elevation  (ft)",  "3840.00" 

'English",         "Downstream  Elevation  (ft)",        "3705.00" 
'English",         "Width's  A  Term  (s/ft2)",  "14.400" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.110" 

'English",         "Manning's  n",  "0.032" 

'English",  "Air  Temperature  (°F)",  "78.440" 

'English",  "Relative  Humidity  (%)",  "32.800" 

'English",         "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

■English",  "Possible  Sun  (%)",  "90.000" 

•English",         "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.940" 

'English",  "Total  Shade  (%)",  "53.978" 

'English",         "Segment  Azimuth  (degrees)",        "-45.000" 
'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

'English",         "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "15.000" 

'English",         "Vegetation  Crown  (ft)",  "5.000" 

'English",         "Vegetation  Offset  (ft)",  "75.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.422" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  66.00" 

"Estimated  Maximum  (°F)  =  73.40" 

"Approximate  Minimum  (°F)  =  58.60" 

"Mean  Equilibrium  (°F)  =  67.78" 

"Maximum  Equilibrium  (°F)  =  74.39" 

"Minimum  Equilibrium  (°F)  =  61.17" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  66.00°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


SSTEMP  Model  H-17 


^sH**************************** 
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Segment  Inflow  (cfs)  -0. 11      +0. 1 1  * 

Inflow  Temperature  (°F)  -0.02      +0.02 

Segment  Outflow  (cfs)  +0.23      -0.24** 

Accretion  Temp.  (°F)  -0.77      +0.77***** 

Width's  A  Term  (s/ft2)  -0.29      +0.32** 

B  Term  where  W  =  A*Q**B         -0.02      +0.02 
Manning's  n  +0.00      +0.00 

Air  Temperature  (°F)  -4.73      +4.50 

Relative  Humidity  (%)  -0.73      +0.74***** 

Wind  Speed  (mph)  +0.23      -0.25** 

Ground  Temperature  (°F)  -0.24      +0.24** 

Thermal  gradient  (j/mVs/C)        +0.05      -0.05 
Possible  Sun  (%)  -0.21      +0.30** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)         -0.09      +0.09  * 
West  Side: 

Topographic  Altitude  (degrees)     +0.05      -0.04 
Vegetation  Height  (ft)  +0.09      -0.12* 

Vegetation  Crown  (ft)  +0.06      -0.06 

Vegetation  Offset  (ft)  -0.06      +0.06 

Vegetation  Density  (%)  +0.35      -0.35** 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.03      -0.03 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.20      -0.20  * 


Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  73.40°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.07      +0.07 

Inflow  Temperature  (°F)  -0.01      +0.01 

Segment  Outflow  (cfs)  +0.15      -0.15* 

Accretion  Temp.  (°F)  -0.40      +0.40*** 

Width's  A  Term  (s/ft2)  -0.39      +0.43*** 

B  Term  where  W  =  A*Q**B         -0.02      +0.02 
Manning's  n  +0.05      -0.05 

Air  Temoerature  (°F}  -4  35      +4  17  ****************************** 

Relative  Humidity  (%)  -0.62      +0.63**** 

Wind  Speed  (mph)  +0.42      -0.45*** 

Ground  Temperature  (°F)  -0.23      +0.23** 

Thermal  gradient  G/m2/s/C)        +0.08      -0.08  * 
Possible  Sun  (%)  -0.49      +0.64  **** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.17      +0.17* 

West  Side: 

Topographic  Altitude  (degrees)     +0.10     -0.08* 
Vegetation  Height  (ft)  +0.18      -0.23  *  * 

Vegetation  Crown  (ft)  +0.12      -0.11* 

Vegetation  Offset  (ft)  -0.11      +0.12* 


H-18  SSTEMP  Model 
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Vegetation  Density  (%)  +0.66      -0.65***** 

East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 

Vegetation  Height  (ft)  +0.06      -0.06 
Vegetation  Crown  (ft)  +0.08      -0.08  * 

Vegetation  Offset  (ft)  -0.05      +0.05 
Vegetation  Density  (%)  +0.38      -0.37*** 


SSTEMP  Model 


H-19 
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Scenario  3.  Same  as  Scenario  1  but  cool  inflow  by  5°  F 

'SSTEMP  (2.0.8) " 

'English",  "Segment  Inflow  (cfs)",  "  1 .000" 

'English",  "Inflow  Temperature  (°F)",  "62.500" 

'English",  "Segment  Outflow  (cfs)",  "2.500" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.600" 

'English",  "Segment  Length  (mi)",  "4.420" 

'English",  "Upstream  Elevation  (ft)",  "3840.00" 

'English",  "Downstream  Elevation  (ft)",        "3705.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.400" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.110" 

'English",  "Manning's  n",  "0.032" 

'English",  "Air  Temperature  (°F)",  "78.440" 

'English",  "Relative  Humidity  (%)",  "32.800" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.940" 

'English",  "Total  Shade  (%)",  "29.473" 

'English",         "Segment  Azimuth  (degrees)",        "-45.000" 
'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

English",  "Vegetation  Offset  (ft)",  "5.000" 

English",  "Vegetation  Density  (%)",  "20.000" 

East  Side  Variables" 

English",  "Segment  Azimuth  (degrees)",        "15.000" 

English",  "Topographic  Altitude  (degrees)",  "35.000" 

English",  "Vegetation  Height  (ft)",  "15.000" 

English",  "Vegetation  Crown  (ft)",  "5.000" 

English",  "Vegetation  Offset  (ft)",  "60.000" 

English",  "  Maximum  Air  Temp  (°F)",  "83.422" 

Dam  at  Head  of  Segment", "Unchecked" 

Maximum  Air  Temp  (°F)","Unchecked" 

Solar  Radiation","Disabled" 

Total  Shade'V'Disabled" 

Month/day","08/07" 

"Predicted  Mean  (°F)  =  68.67" 
"Estimated  Maximum  (°F)  =  78.28" 
"Approximate  Minimum  (°F)  =  59.06" 
"Mean  Equilibrium  (°F)  =  70.77" 
"Maximum  Equilibrium  (°F)  =  79.15" 
"Minimum  Equilibrium  (°F)  =  62.39" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  68.67°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


H-20  SSTEMP  Model 


-0.13 

+0.13* 

-0.02 

+0.02 

+0.27 

-0.29  ** 

-0.73 

+0  73  ***** 

-0.23 

+0.27  ** 

**B    -( 

).02   +0.02 
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Segment  Inflow  (cfs) 
Inflow  Temperature  (°F) 
Segment  Outflow  (cfs) 
Accretion  Temp.  (°F) 
Width's  A  Term  (s/ft2) 

B  Term  where  W  =  A*Q* 
Manning's  n  +0.00     +0.00 

Relative  Humidity  (%)  -0.72      +0.73***** 

Wind  Speed  (mph)  +0.31      -0.34** 

Ground  Temperature  (°F)  -0.23      +0.23** 

Thermal  gradient  (j/m2/s/C)        +0.06     -0.06 
Possible  Sun  (%)  -0.31      +0.44*** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0. 17      +0. 1 7  * 

West  Side: 

Topographic  Altitude  (degrees)     +0.09      -0.07  * 
Vegetation  Height  (ft)  +0.03      -0.04 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0. 11      -0. 1 1  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.15      -0.15* 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  78.28°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.06      +0.06 

Inflow  Temperature  (°F)  -0.01      +0.01 

Segment  Outflow  (cfs)  +0.16      -0.16* 

Accretion  Temp.  (°F)  -0.29      +0.29  ** 

Width's  A  Term  (s/ft2)  -0.23      +0.27  ** 

B  Term  where  W  =  A*Q**B  -0.01      +0.02 

Manning's  n  +0.05      -0.06 

Air  Temperature  (°F)  -3  98      +3  81  ****************************** 

Relative  Humidity  (%)  -0.58      +0.59  **** 

Wind  Speed  (mph)  +0.58      -0.62***** 

Ground  Temperature  (°F)  -0.21      +0.21** 

Thermal  gradient  (j/m2/s/C)        +0.09      -0.09  * 
Possible  Sun  (%)  -0.63      +0.86  ****** 

Dust  Coefficient  +0.04     -0.04 

Ground  Reflectivity  (%)  -0.04      +0.04 

Segment  Azimuth  (degrees)  -0.30      +0.30  ** 

West  Side: 

Topographic  Altitude  (degrees)     +0.17     -0.13* 
Vegetation  Height  (ft)  +0.05      -0.07  * 

Vegetation  Crown  (ft)  +0.04      -0.03 

Vegetation  Offset  (ft)  -0.03      +0.04 


SSTEMP  Model  H-21 
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Vegetation  Density  (%)  +0.20      -0.20  ** 
East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.02 

Vegetation  Height  (ft)  +0.04      -0.04 

Vegetation  Crown  (ft)  +0.06      -0.06 

Vegetation  Offset  (ft)  -0.04      +0.04 

Vegetation  Density  (%)  +0.27      -0.27** 


H-22  SSTEMP  Model 
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Scenario  4.  Same  as  Scenario  1  but  increase  vegetation  density  and  cool  inflow  by  5"  F 

'SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "1.000" 

•English",         "Inflow  Temperature  (°F)",  "62.500" 

'English",  "Segment  Outflow  (cfs)",  "2.500" 

'English",         "Accretion  Temp.  (°F)",  "55.000" 

'English",         "Latitude  (degrees)",  "46.600" 

'English",         "Segment  Length  (mi)",  "4.420" 

'English",         "Upstream  Elevation  (ft)",  "3840.00" 

'English",         "Downstream  Elevation  (ft)",        "3705.00" 
'English",         "Width's  A  Term  (s/ft2)",  "  1 4.400" 

'English",         "  B  Term  where  W  =  A*Q**B",        "0.110" 
'English",  "Manning's  n",  "0.032" 

'English",  "Air  Temperature  (°F)",  "78.440" 

'English",  "Relative  Humidity  (%)",  "32.800" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",         "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.940" 

'English",  "Total  Shade  (%)",  "53.978" 

'English",  "Segment  Azimuth  (degrees)",        "-45.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

•English",  "Vegetation  Height  (ft)",  "15.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "75.000" 

'English",         "  Maximum  Air  Temp  (°F)",  "83.422" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)", "Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  65.99" 

"Estimated  Maximum  (°F)  =  73.40" 

"Approximate  Minimum  (°F)  =  58.58" 

"Mean  Equilibrium  (°F)  =  67.78" 

"Maximum  Equilibrium  (°F)  =  74.39" 

"Minimum  Equilibrium  (°F)  =  61.17" 

Sensitivity  for  mean  temperature  values  ( 1 0%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  65.99°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


SSTEMP  Model  H-23 
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Segment  Inflow  (cfs) 

-0.11      +0.11  * 

Inflow  Temperature  (°F) 

-0.02      +0.02 

Segment  Outflow  (cfs) 

+0.23      -0.24  ** 

Accretion  Temp.  (°F) 

-0.77      +0.77  ***** 

Width's  A  Term  (s/ft2) 

-0.29      +0.32  ** 

B  Term  where  W  =  A*Q** 

B          -0.02      +0.02 

Manning's  n                       +0.00      +0.00 

Air  Temperature  (°F) 

_A    "7 "I          4-4   SO  *'^3le:^'t::^!t::^:^'lCJlc'(cst!:^'lC5)c,^'lc't:st:!^'(!:^:^'t::t:=l<:t:''<  + 

Relative  Humidity  (%) 

-0.73      +0.74  ***** 

Wind  Speed  (mph) 

+0.23      -0.25  ** 

Ground  Temperature  (°F) 

-0.24      +0.25  ** 

Thermal  gradient  (j/m2/s/C) 

+0.05      -0.05 

Possible  Sun  (%) 

-0.21      +0.30** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)         -0.09      +0.09  * 
West  Side: 

Topographic  Altitude  (degrees)     +0.05      -0.04 
Vegetation  Height  (ft)  +0.09      -0.12* 

Vegetation  Crown  (ft)  +0.06      -0.06 

Vegetation  Offset  (ft)  -0.06      +0.06 

Vegetation  Density  (%)  +0.35      -0.35** 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.03      -0.03 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.20      -0.20  * 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  73.40°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs) 

-0.07      +0.07 

Inflow  Temperature  (°F) 

-0.01      +0.01 

Segment  Outflow  (cfs) 

+0.16      -0.15* 

Accretion  Temp.  (°F) 

-0.40      +0.40  *** 

Width's  A  Term  (s/ft2) 

-0.39      +0.43  *** 

B  Term  where  W  =  A*Q**B          -0.02      +0.02 

Manning's  n  +0.05      -0.05 

a \r  Temoerature  (°F}  -4  35      +4  17****************************** 

Relative  Humidity  (%)  -0.62      +0.63**** 

Wind  Speed  (mph)  +0.42      -0.45*** 

Ground  Temperature  (°F)  -0.23      +0.23** 

Thermal  gradient  0/nv7s/C)        +0.08      -0.08  * 

Possible  Sun  (%)  -0.49      +0.64  **** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.17      +0.17* 

West  Side: 

Topographic  Altitude  (degrees)     +0.10     -0.08* 

Vegetation  Height  (ft)  +0.18      -0.23** 

Vegetation  Crown  (ft)  +0.12      -0.11* 

Vegetation  Offset  (ft)  -0. 11      +0. 1 2  * 


H-24  SSTEMP  Model 
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Vegetation  Density  (%)  +0.66      -0.65***** 
East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 

Vegetation  Height  (ft)  +0.06      -0.06 

Vegetation  Crown  (ft)  +0.08      -0.08  * 

Vegetation  Offset  (ft)  -0.05      +0.05 

Vegetation  Density  (%)  +0.38      -0.37*** 


SSTEMP  Model 
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Scenario  5.  Same  as  Scenario  1  but  begin  with  30  cfs 

'SSTEMP  (2.0.8)" 

'English",  "Segment  Inflow  (cfs)",  "30.000" 

'English",  "Inflow  Temperature  (°F)",  "67.500" 

'English",  "Segment  Outflow  (cfs)",  "31.500" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.600" 

'English",  "Segment  Length  (mi)",  "4.420" 

'English",  "Upstream  Elevation  (ft)",  "3840.00" 

'English",  "Downstream  Elevation  (ft)",        "3705.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.400" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.110" 

'English",  "Manning's  n",  "0.032" 

'English",         "Air  Temperature  (°F)",  "78.440" 

'English",  "Relative  Humidity  (%)",  "32.800" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m7s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.940" 

'English",  "Total  Shade  (%)",  "27.022" 

'English",  "Segment  Azimuth  (degrees)",        "-45.000" 

'West  Side  Variables" 

'English",         "Topographic  Altitude  (degrees)",  "25.000" 
'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "20.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "15.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "60.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.422" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  68.38" 

"Estimated  Maximum  (°F)  =  75.58" 

"Approximate  Minimum  (°F)  =  61.19" 

"Mean  Equilibrium  (°F)  =  71.43" 

"Maximum  Equilibrium  (°F)  =  79.90" 

"Minimum  Equilibrium  (°F)  =  62.95" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  68.38°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


H-26  SSTEMP  Model 
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Segment  Inflow  (cfs) 

_0  46      +0  97  ******* 

Inflow  Temperature  (°F) 

-4  08      +4  10  ****************************** 

Segment  Outflow  (cfs) 

+0  98      -0  54  ******* 

Accretion  Temp.  (°F) 

-0.20      +0.21  * 

Width's  A  Term  (s/ft2) 

-0.14      +0.14* 

B  Term  where  W  =  A*Q 

**B          -0.05      +0.05 

Manning's  n 

+0.00      +0.00 

Air  Temperature  (°F) 

-1  89      +1  66  ************* 

Relative  Humidity  (%) 

-0.29      +0.29  ** 

Wind  Speed  (mph) 

+0.12      -0.12* 

Ground  Temperature  (°F) 

-0.09      +0.09  * 

Thermal  gradient  (j/m2/s/C)        +0.02      -0.02 

Possible  Sun  (%) 

-0.13      +0.18* 

Dust  Coefficient 

+0.01      -0.01 

Ground  Reflectivity  (%) 

-0.01      +0.01 

Segment  Azimuth  (degrees)  -0.07      +0.07 

West  Side: 

Topographic  Altitude  (degrees)     +0.04     -0.03 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.04      -0.04 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.01      -0.01 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.06     -0.06 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  75.58°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.37      +0.78  ******* 

I  -*  4-j  f~\\i/      T   f^t>"lT-\fiT'0  tlir^fr'l  —  ^      1/  "T"  *1      T  --1     ****************************** 

Segment  Outflow  (cfs)  +0.95      .0.61  ********* 

Accretion  Temp.  (°F)  -0.16      +0.16* 

Width's  A  Term  (s/ft2)  -0.37      +0.41**** 

B  Term  where  W  =  A*Q**B  -0.15      +0.15* 

Manning's  n  +0.19      -0.20** 

A |r  Temnerature  (°F^  -2  19      +1  97  ******************** 

Relative  Humidity  (%)  -0.29      +0.30*** 

Wind  Speed  (mph)  +0.27      -0.28** 

Ground  Temperature  (°F)  -0.11      +0.11* 

Thermal  gradient  (j/m7s/C)       +0.05      -0.05 
Possible  Sun  (%)  -0.46      +0.60***** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.21      +0.20** 

West  Side: 

Topographic  Altitude  (degrees)     +0. 1 1      -0.08  * 
Vegetation  Height  (ft)  +0.05      -0.06  * 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.03      +0.03 


SSTEMP  Model  H-27 
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Vegetation  Density  (%)  +0.12      -0.12* 
East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 

Vegetation  Height  (ft)  +0.04      -0.04 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0. 1 7      -0. 1 7  ** 


H-28  SSTEMP  Model 
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Scenario  6.  Same  as  Scenario  5  but  increase  vegetation  density 

'SSTEMP  (2.0.8)" 

'English",         "Segment  Inflow  (cfs)",  "30.000" 

'English",         "Inflow  Temperature  (°F)",  "67.500" 

'English",         "Segment  Outflow  (cfs)",  "31.500" 

'English",         "Accretion  Temp.  (°F)",  "55.000" 

'English",         "Latitude  (degrees)",  "46.600" 

'English",         "Segment  Length  (mi)",  "4.420" 

'English",  "Upstream  Elevation  (ft)",  "3840.00" 

'English",  "Downstream  Elevation  (ft)",        "3705.00" 

'English",  "Width's  A  Term  (s/ft2)",  "  1 4.400" 

'English",         "  B  Term  where  W  =  A*Q**B",        "0.110" 
'English",  "Manning's  n",  "0.032" 

'English",         "Air  Temperature  (°F)",  "78.440" 

'English",         "Relative  Humidity  (%)",  "32.800" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",         "Thermal  gradient  (j/m2/s/C)",      "1.650" 
'English",         "Possible  Sun  (%)",  "90.000" 

'English",         "Dust  Coefficient",  "5.000" 

'English",         "Ground  Reflectivity  (%)",  "25.000" 

'English",         "Solar  Radiation  (Langleys/d)",     "630.940" 
'English",  "Total  Shade  (%)",  "48.807" 

'English",  "Segment  Azimuth  (degrees)",        "-45.000" 

'West  Side  Variables" 

'English",         "Topographic  Altitude  (degrees)",  "25.000" 
'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",         "Topographic  Altitude  (degrees)",  "35.000" 
'English",         "Vegetation  Height  (ft)",  "15.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "75.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.422" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  67.45" 

"Estimated  Maximum  (°F)  =  72.80" 

"Approximate  Minimum  (°F)  =  62. 1 1 " 

"Mean  Equilibrium  (°F)  =  68.81" 

"Maximum  Equilibrium  (°F)  =  75.77" 

"Minimum  Equilibrium  (°F)  =  61.85" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  67.45°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs) 

-0  49      +1  00  ******* 

Inflow  Temperature  (°F) 

A  IQ       _|_4  17  ****************************** 

Segment  Outflow  (cfs) 

+0  94      -0  51  ******* 

Accretion  Temp.  (°F) 

-0.21      +0.22* 

Width's  A  Term  (s/ft2) 

-0. 11      +0.11* 

B  Term  where  W  =  A*Q** 

B          -0.04      +0.04 

Manning's  n                       +0.00      +0.00 

Air  Temperature  (°F) 

-1  88      +1  65  ************* 

Relative  Humidity  (%) 

-0.28      +0.28  ** 

Wind  Speed  (mph) 

+0.11      -0.11* 

Ground  Temperature  (°F) 

-0.09      +0.09  * 

Thermal  gradient  (j/m2/s/C) 

+0.02      -0.02 

Possible  Sun  (%) 

-0.09      +0.13* 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)         -0.04      +0.04 
West  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.01 
Vegetation  Height  (ft)  +0.05      -0.06 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.12      -0.12* 

East  Side: 

Topographic  Altitude  (degrees)     +0.00       0.00 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  72.80°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.43      +0.85  ******* 

Inflow  Temneratnre  (°F^  -3  41       +^  59  ****************************** 

Segment  Outflow  (cfs)  +0.93      .0.56  ******** 

Accretion  Temp.  (°F)  -0. 18      +0. 1 8  * 

Width's  A  Term  (s/ft2)  -0.40      +0.42*** 

B  Term  where  W  =  A*Q**B  -0.16      +0.16* 

Manning's  n  +0.14      -0.16* 

Air  Temperature  (°F)  -2.16      +1.93  ****************** 

Relative  Humidity  (%)  -0.29      +0.29  ** 

Wind  Speed  (mph)  +0.20      -0.21** 

Ground  Temperature  (°F)  -0. 11      +0. 1 1  * 

Thermal  gradient  (j/m2/s/C)        +0.04      -0.04 
Possible  Sun  (%)  -0.33      +0.43  **** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)  -0.13      +0.12* 

West  Side: 

Topographic  Altitude  (degrees)     +0.05      -0.04 
Vegetation  Height  (ft)  +0. 15      -0. 1 8  * 

Vegetation  Crown  (ft)  +0.08      -0.08  * 

Vegetation  Offset  (ft)  -0.08      +0.08  * 
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Vegetation  Density  (%)  +0.35      -0.35  *** 
East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 

Vegetation  Height  (ft)  +0.05      -0.05 

Vegetation  Crown  (ft)  +0.05      -0.05 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.21      -0.21** 


SSTEMP  Model 
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Scenario  7.  Same  as  Scenario  5  but  cool  inflow  by  5"  F 


'SSTEMP  (2.0.8)" 


'English" 
'English" 
'English" 
'English" 
'English" 
'English" 
'English" 
'English" 
"English" 
'English" 
'English" 
'English" 
'English" 
'English" 
'English" 
'English" 
•English" 
'English" 
'English" 
"English" 
'English" 
'English" 


"Segment  Inflow  (cfs)", 
"Inflow  Temperature  (°F)", 
"Segment  Outflow  (cfs)", 
"Accretion  Temp.  (°F)", 
"Latitude  (degrees)", 
"Segment  Length  (mi)", 
"Upstream  Elevation  (ft)", 
"Downstream  Elevation  (ft)" 
"Width's  A  Term  (s/ft2)", 
"  B  Term  where  W  =  A*Q 


"30.000" 
"62.500" 
"31.500" 
"55.000" 
46.600" 
"4.420" 
"3840.00" 

"3705.00" 
"14.400" 
**B",        "0.110" 
"Manning's  n",  "0.032" 

"Air  Temperature  (°F)",  "78.440" 

"Relative  Humidity  (%)",  "32.800" 

"Wind  Speed  (mph)",  "7.100" 

"Ground  Temperature  (°F)",  "55.000" 

"Thermal  gradient  (j/mVs/C)",      "1.650" 
"Possible  Sun  (%)",  "90.000" 

"Dust  Coefficient",  "5.000" 

"Ground  Reflectivity  (%)",  "25.000" 

"Solar  Radiation  (Langleys/d)",     "630.940" 
"Total  Shade  (%)",  "27.022" 

"Segment  Azimuth  (degrees)",        "-45.000" 
'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "20.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "15.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",         "Vegetation  Offset  (ft)",  "60.000" 

'English",         "  Maximum  Air  Temp  (°F)",  "83.422" 

'Dam  at  Head  of  Segment","Unchecked" 
'  Maximum  Air  Temp  (°F)", "Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  65.22" 
"Estimated  Maximum  (°F)  =  73.12" 
"Approximate  Minimum  (°F)  =  57.32" 
"Mean  Equilibrium  (°F)  =  71.43" 
"Maximum  Equilibrium  (°F)  =  79.90" 
"Minimum  Equilibrium  (°F)  =  62.95" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  65.22°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


H-32 
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Segment  Inflow  (cfs) 

-0.21      +0.55**** 

Inflow  Temperature  (°F) 

-3  94      +4  1 1  ****************************** 

Segment  Outflow  (cfs) 

+0.70      -0.42  ***** 

Accretion  Temp.  (°F) 

-0.19      +0.19* 

Width's  A  Term  (s/ft2) 

-0.26      +0.27  ** 

B  Term  where  W  =  A*Q** 

B          -0.10      +0.10* 

Manning's  n                        +0.00      +0.00 

Air  Temperature  (°F) 

-1  92      +1  68  ************** 

Relative  Humidity  (%) 

-0.29     +0.30  ** 

Wind  Speed  (mph) 

+0.07      -0.07  * 

Ground  Temperature  (°F) 

-0.09      +0.09  * 

Thermal  gradient  (j/m2/s/C) 

+0.02      -0.02 

Possible  Sun  (%) 

-0.13      +0.18* 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)  -0.07      +0.07  * 

West  Side: 

Topographic  Altitude  (degrees)     +0.04     -0.03 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.04      -0.04 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.01      -0.01 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.06      -0.06 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  73.12°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.19      +0.45**** 

Inf]  s-\  lw     I '  &T\yr\f*rs\  1 1 1  Yf*  (     K  I  **   \\v\  -4-  \    1  W   ****************************** 

Segment  Outflow  (cfs)  +0.76      -0.56  ******* 

Accretion  Temp.  (°F)  -0. 15      +0. 1 5  * 

Width's  A  Term  (s/ft2)  -0.5 1      +0.56  ***** 

B  Term  where  W  =  A*Q**B         -0.20      +0.20** 
Manning's  n  +0.22      -0.24  ** 

Air  Temperature  (°F)  -2.24      +2.01  ********************* 

Relative  Humidity  (%)  -0.30     +0.30*** 

Wind  Speed  (mph)  +0.22      -0.23** 

Ground  Temperature  (°F)  -0. 11      +0.11* 

Thermal  gradient  (j/m2/s/C)        +0.05      -0.05 
Possible  Sun  (%)  -0.49      +0.64  ****** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)         -0.22      +0.22  ** 
West  Side: 

Topographic  Altitude  (degrees)     +0.12      -0.09* 
Vegetation  Height  (ft)  +0.06      -0.06  * 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.03      +0.03 
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Vegetation  Density  (%)  +0. 13      -0. 1 3  * 
East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 

Vegetation  Height  (ft)  +0.04      -0.04 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.18      -0. 1 8  *  * 


H-34  SSTEMP  Model 
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Scenario  8.  Same  as  Scenario  5  but  increase  vegetation  density  and  cool  inflow  by  5"  F 

'SSTEMP  (2.0.8)" 

'English",  "Segment  Inflow  (cfs)",  "30.000" 

'English",  "Inflow  Temperature  (°F)",  "62.500" 

'English",  "Segment  Outflow  (cfs)",  "31.500" 

'English",         "Accretion  Temp.  (°F)",  "55.000" 

'English",         "Latitude  (degrees)",  "46.600" 

'English",         "Segment  Length  (mi)",  "4.420" 

•English".  "Upstream  Elevation  (ft)",  "3840.00" 

'English",  "Downstream  Elevation  (ft)",        "3705.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.400" 

'English",         "  B  Term  where  W  =  A*Q**B",        "0.110" 
'English",  "Manning's  n",  "0.032" 

'English",  "Air  Temperature  (°F)",  "78.440" 

'English".  "Relative  Humidity  (%)",  "32.800" 

'English",         "Wind  Speed  (mph)",  "7.100" 

'English",         "Ground  Temperature  (°F)",         "55.000" 
'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.940" 

'English",  "Total  Shade  (%)",  "48.807" 

'English",  "Segment  Azimuth  (degrees)",        "-45.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "10.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",         "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",         "Vegetation  Height  (ft)",  "15.000" 

'English",         "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "75.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.422" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  64.27" 

"Estimated  Maximum  (°F)  =  70.16" 

"Approximate  Minimum  (°F)  =  58.39" 

"Mean  Equilibrium  (°F)  =  68.81" 

"Maximum  Equilibrium  (°F)  =  75.77" 

"Minimum  Equilibrium  (°F)  =  61.85" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  64.27°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


SSTEMP  Model  H-35 
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Segment  Inflow  (cfs)  -0.25      +0.58  **** 

Inflow  Temnenture  (°F^  -3  96      +4  12  ****************************** 

Segment  Outflow  (cfs)  +0.66      -0.38***** 

Accretion  Temp.  (°F)  -0.20      +0.20  * 

Width's  A  Term  (s/ft2)  -0.24      +0.24  ** 

B  Term  where  W  =  A*Q**B  -0.09      +0.09* 

Manning's  n  +0.00      +0.00 

Air  Temperature  (°F)  -1.91       +1.67  ************** 

Relative  Humidity  (%)  -0.28      +0.29** 

Wind  Speed  (mph)  +0.06      -0.06 

Ground  Temperature  (°F)  -0.09      +0.09  * 

Thermal  gradient  (j/m2/s/C)       +0.02      -0.02 
Possible  Sun  (%)  -0.09      +0.13* 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)         -0.04      +0.04 
West  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.01 
Vegetation  Height  (ft)  +0.05      -0.06 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.12      -0.12* 

East  Side: 

Topographic  Altitude  (degrees)     +0.00       0.00 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07  * 

Sensitivity  for  maximum  temperature  values  ( 10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  70.16°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs) 

-0.23      +0.51  **** 

Inflow  Temperature  (°F) 

-3.29      +3.43  ****************************** 

Segment  Outflow  (cfs) 

+0  71      -0  49  ****** 

Accretion  Temp.  (°F) 

-0.17      +0.17* 

Width's  A  Term  (s/ft2) 

-0.54      +0.57  ***** 

B  Term  where  W  =  A*Q: 

**B          -0.22      +0.22  ** 

Manning's  n 

+0.17      -0.19** 

Air  Temperature  (°F) 

_2  T|        +1  no  ******************* 

Relative  Humidity  (%) 

-0.29      +0.29  *** 

Wind  Speed  (mph) 

+0.15      -0.16* 

Ground  Temperature  (°F) 

-0.11      +0.11* 

Thermal  gradient  (j/m2/s/C)        +0.04      -0.04 

Possible  Sun  (%) 

-0.36      +0.46  **** 

Dust  Coefficient 

+0.02      -0.02 

Ground  Reflectivity  (%) 

-0.02      +0.02 

Segment  Azimuth  (degree: 

i)         -0.13      +0.13* 

West  Side: 

Topographic  Altitude  (degrees)     +0.06      -0.04 
Vegetation  Height  (ft)  +0.16      -0. 1 9  *  * 

Vegetation  Crown  (ft)  +0.08      -0.08  * 

Vegetation  Offset  (ft)  -0.08      +0.08  * 
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Vegetation  Density  (%)  +0.37      -0.37  **" 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 

Vegetation  Height  (fit)  +0.05      -0.05 
Vegetation  Crown  (ft)  +0.05      -0.05 

Vegetation  Offset  (ft)  -0.03      +0.03 
Vegetation  Density  (%)  +0.22      -0.22** 
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Prickly  Pear  Segment  MT41I006020 

Scenario  1.  Current  conditions  hut  stop  segment  at  Sierra  Road  crossing 

'SSTEMP  (2.0.8) " 

'English",  "Segment  Inflow  (cfs)",  "4.000" 

'English",  "Inflow  Temperature  (°F)",  "61.000" 

'English",  "Segment  Outflow  (cfs)",  "7.500" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "2.620" 

'English",  "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3680.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.190" 

'English",  "Manning's  n",  "0.031" 

'English",  "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

■English",  "Wind  Speed  (mph)",  "7.100" 

English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m7s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

•English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.326" 

'English",  "Total  Shade  (%)",  "33.179" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

English",  "Topographic  Altitude  (degrees)",  "35.000" 

English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "20.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation'V'Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  65.02" 

"Estimated  Maximum  (°F)  =  74. 13" 

"Approximate  Minimum  (°F)  =  55.91" 

"Mean  Equilibrium  (°F)  =  70.43" 

"Maximum  Equilibrium  (°F)  =  78.54" 

"Minimum  Equilibrium  (°F)  =  62.33" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  65.02°F 

Temperature  change  (°F) 
if  variable  is: 
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Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.25      +0.25  ** 

Inflow  Temperature  (°F)  -0.82      +0.90  ******** 

Segment  Outflow  (cfs)  +0.50      -0.57***** 

Accretion  Temp.  (°F)  -1.46      +1.46  ************ 

Width's  A  Term  (s/ft2)  -0.43      +0.46  **** 

B  Term  where  W  =  A*Q**B  -0.15      +0.15* 

Manning's  n  +0.00      +0.00 

Air  Temnerature  (°F}  -3  51       +3  1  3  ****************************** 

Relative  Humidity  (%)  -0.54      +0.54***** 

Wind  Speed  (mph)  +0.13      -0.13* 

Ground  Temperature  (°F)  -0. 17      +0.17* 

Thermal  gradient  (j/m7s/C)       +0.03      -0.03 
Possible  Sun  (%)  -0.22      +0.31*** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)         -0.02      +0.02 
West  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.04 
Vegetation  Height  (ft)  +0.04      -0.05 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.13      -0.13* 

East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.03 
Vegetation  Height  (ft)  +0.02     -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07  * 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  74.13°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.19      +0.19** 

Inflow  Temperature  (°F)  -0.56      +0.61***** 

Segment  Outflow  (cfs)  +0.49      -0.54  ***** 

Accretion  Temp.  (°F)  -0.99      +0.99  ********* 

Width's  A  Term  (s/ft2)  -0.59      +0.64***** 

B  Term  where  W  =  A*Q**B  -0.21      +0.20** 

Manning's  n  +0.18      -0.19** 

Air  Temperature  (°F^  -3  47      +3  17****************************** 

Relative  Humidity  (%)  -0.48      +0.49**** 

Wind  Speed  (mph)  +0.34      -0.36*** 

Ground  Temperature  (°F)  -0.18      +0.18** 

Thermal  gradient  (j/m2/s/C)       +0.07     -0.07  * 
Possible  Sun  (%)  -0.59      +0.78  ******* 

Dust  Coefficient  +0.04      -0.04 

Ground  Reflectivity  (%)  -0.04      +0.04 

Segment  Azimuth  (degrees)  -0.05      +0.05 

West  Side: 

Topographic  Altitude  (degrees)     +0.08      -0.08  * 
Vegetation  Height  (ft)  +0.08      -0.11* 
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Vegetation  Crown  (ft)  +0.08      -0.09  * 

Vegetation  Offset  (ft)  -0.06      +0.06  * 

Vegetation  Density  (%)  +0.29      -0.29*** 
East  Side: 

Topographic  Altitude  (degrees)     +0.07      -0.06  * 

Vegetation  Height  (ft)  +0.04      -0.05 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0. 15      -0.15* 
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Scenario  2.  Current  conditions  to  end  of  segment 

'SSTEMP  (2.0.8) " 

'English",  "Segment  Inflow  (cfs)",  "4.000" 

'English",         "Inflow  Temperature  (°F)",         "61.000" 
'English",  "Segment  Outflow  (cfs)",  "18.000" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "5.920" 

'English",         "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

'English",         "  B  Term  where  W  =  A*Q**B",        "0.190" 
'English",  "Manning's  n",  "0.030" 

'English",         "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",         "Ground  Temperature  (°F)",         "55.000" 
'English",         "Thermal  gradient  (j/m2/s/C)",      "1.650" 
'English",         "Possible  Sun  (%)",  "90.000" 

'English",         "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",         "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",  "Total  Shade  (%)",  "31.956" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

•English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "20.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
•Month/day","08/07" 

"Predicted  Mean  (°F)  =  64.08" 

"Estimated  Maximum  (°F)  =  71.99" 

"Approximate  Minimum  (°F)  =  56.18" 

"Mean  Equilibrium  (°F)  =  70.58" 

"Maximum  Equilibrium  (°F)  =  78.77" 

"Minimum  Equilibrium  (°F)  =  62.39" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  64.08°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs)  -0. 11      +0. 1 1  * 

Inflow  Temperature  (°F)  -0.16      +0.18** 

Segment  Outflow  (cfs)  +0.38      -0.43**** 

Accretion  Temp.  (°F)  -2.20     +2.20  ******************* 

Width's  A  Term  (s/ft2)  -0.44      +0.48**** 

B  Term  where  W  =  A*Q**B  -0.21      +0.21** 

Manning's  n  +0.00      +0.00 

Air  Temnerature  (°F}  -3  42      +3  04  ****************************** 

Relative  Humidity  (%)  -0.52      +0.53 

Wind  Speed  (mph)  +0.12      -0.12* 

Ground  Temperature  (°F)  -0.17      +0.17* 

Thermal  gradient  (j/m2/s/C)        +0.03      -0.03 
Possible  Sun  (%)  -0.22      +0.30*** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)  -0.02      +0.02 

West  Side: 

Topographic  Altitude  (degrees)     +0.04      -0.03 
Vegetation  Height  (ft)  +0.04      -0.05 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.12      -0.12* 

East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.03 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.06      -0.06  * 


Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  71.99°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.09      +0.09  * 

Inflow  Temperature  (°F)  -0.12      +0.14* 

Segment  Outflow  (cfs)  +0.48      -0.52  ***** 

Accretion  Temp.  (°F)  -1.70      +1.70  *************** 

Width's  A  Term  (s/ft2)  -0.66      +0.74  ******* 

B  Term  where  W  =  A*Q**B  -0.31      +0.32*** 

Manning's  n  +0.23      -0.25  ** 

Air  Temnerature  (°F^  -3  41       +3  11  ****************************** 

Relative  Humidity  (%)  -0.48      +0.48**** 

Wind  Speed  (mph)  +0.25      -0.27** 

Ground  Temperature  (°F)  -0.17      +0.17** 

Thermal  gradient  (j/m2/s/C)        +0.06      -0.06  * 
Possible  Sun  (%)  -0.55      +0.73  ****** 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.04      +0.03 

Segment  Azimuth  (degrees)         -0.05      +0.05 
West  Side: 

Topographic  Altitude  (degrees)     +0.08      -0.07  * 
Vegetation  Height  (ft)  +0.09      -0. 10  * 

Vegetation  Crown  (ft)  +0.08      -0.08  * 

Vegetation  Offset  (ft)  -0.05      +0.05 
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Vegetation  Density  (%)  +0.26      -0.26  ** 
East  Side: 

Topographic  Altitude  (degrees)     +0.07      -0.06  ' 

Vegetation  Height  (ft)  +0.04     -0.04 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.14      -0.14* 
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Scenario  3.  Same  as  Scenario  2  but  increase  vegetation  density 

'SSTEMP  (2.0.8)  " 

'English".  "Segment  Inflow  (cfs)",  "4.000" 

"English",  "Inflow  Temperature  (°F)",  "61.000" 

'English",  "Segment  Outflow  (cfs)",  "18.000" 

•English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "5.920" 

'English",  "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

•English",  "  B  Term  where  W  =  A*Q**B",        "0.190" 

'English",  "Manning's  n",  "0.030" 

'English",  "Air  Temperature  (°F)",  "78.730" 

•English",  "Relative  Humidity  (%)",  "32.500" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",  "Total  Shade  (%)",  "52.106" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)".  "75.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "60.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)", "Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
•Month/day","08/07" 

"Predicted  Mean  (°F)  =  62.52" 

"Estimated  Maximum  (°F)  =  68.58" 

"Approximate  Minimum  (°F)  =  56.45" 

"Mean  Equilibrium  (°F)  =  68.13" 

"Maximum  Equilibrium  (°F)  =  74.86" 

"Minimum  Equilibrium  (°F)  =  61.39" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  62.52°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs)  -0.10     +0.10* 

Inflow  Temperature  (°F)  -0.17      +0. 1 9  *  * 

Segment  Outflow  (cfs)  +0.31      -0.35*** 

Accretion  Temp.  (°F)  -2.26      +2.26  ******************** 

Width's  A  Term  (s/ft2)  -0.42      +0.47**** 

B  Term  where  W  =  A*Q**B         -0.20      +0.20** 
Manning's  n  +0.00      +0.00 

Air  Temnerature  (°F)  -3  43      +3  05  ****************************** 

Relative  Humidity  (%)  -0.51      +0.52***** 

Wind  Speed  (mph)  +0.08      -0.08  * 

Ground  Temperature  (°F)  -0. 17      +0.17* 

Thermal  gradient  (j/m2/s/C)        +0.02      -0.02 
Possible  Sun  (%)  -0.15      +0.2 1  *  * 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)         -0.01      +0.01 
West  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.02 
Vegetation  Height  (ft)  +0.05      -0.06  * 

Vegetation  Crown  (ft)  +0.05      -0.05 

Vegetation  Offset  (ft)  -0.03      +0.03 

Vegetation  Density  (%)  +0.15      -0.15* 

East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.01 
Vegetation  Height  (ft)  +0.05      -0.05 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.19      -0.19** 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  68.58°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.09      +0.09  * 

Inflow  Temperature  (°F)  -0.14      +0.16* 

Segment  Outflow  (cfs)  +0.39      -0.43**** 

Accretion  Temp.  (°F)  -1.87      +1.87  **************** 

Width's  A  Term  (s/ft2)  -0.69      +0.77  ******* 

B  Term  where  W  =  A*Q**B  -0.33      +0.33*** 

Manning's  n  +0.18      -0.20** 

a  jj.  T>mDe rat ure  (°F^  -349      +3  15  ****************************** 

Relative  Humidity  (%)  -0.48      +0.48**** 

Wind  Speed  (mph)  +0.17      -0.18** 

Ground  Temperature  (°F)  -0.18      +0. 1 8  *  * 

Thermal  gradient  (j/m2/s/C)       +0.05      -0.05 
Possible  Sun  (%)  -0.42      +0.54***** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)  -0.02      +0.02 

West  Side: 

Topographic  Altitude  (degrees)     +0.06      -0.05 
Vegetation  Height  (ft)  +0.12      -0.13* 

Vegetation  Crown  (ft)  +0. 10      -0.10* 

Vegetation  Offset  (ft)  -0.07      +0.07  * 


SSTEMP  Model  H-45 
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Vegetation  Density  (%)  +0.33      -0.33*** 
East  Side: 

Topographic  Altitude  (degrees)     +0.04      -0.03 

Vegetation  Height  (ft)  +0.12      -0.12* 

Vegetation  Crown  (ft)  +0.05      -0.05 

Vegetation  Offset  (ft)  -0.05      +0.05 

Vegetation  Density  (%)  +0.42      -0.42**** 


H-46  SSTEMP  Model 
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Scenario  4.  Modeling  using  output  from  MT411006  030  -  Scenario  5* 

"SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "34.000" 

'English",  "Inflow  Temperature  (°F)",  "67.910" 

'English",  "Segment  Outflow  (cfs)",  "48.000" 

'English",         "Accretion  Temp.  (°F)",  "55.000" 

'English",         "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "5.920" 

'English",  "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",         "Width's  A  Term  (s/ft2)",  "14.800" 

•English",         "  B  Term  where  W  =  A*Q**B",        "0.190" 
•English",  "Manning's  n",  "0.030" 

•English",  "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",         "Total  Shade  (%)",  "29.369" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",         "Topographic  Altitude  (degrees)",  "25.000" 
'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",         "Topographic  Altitude  (degrees)",  "35.000" 
'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "20.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
•Month/day","08/07" 

"Predicted  Mean  (°F)  =  66.30" 

"Estimated  Maximum  (°F)  =  72.34" 

"Approximate  Minimum  (°F)  =  60.27" 

"Mean  Equilibrium  (°F)  =  70.96" 

"Maximum  Equilibrium  (°F)  =  79.31" 

"Minimum  Equilibrium  (°F)  =  62.62" 

Sensitivity  for  mean  temperature  values  ( 1 0%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  66.30°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


SSTEMP  Model  H-47 
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Segment  Inflow  (cfs)  -0.71      +0.70  ******** 

Inflow  TemDerature  (°F)  -2  34      +2  57  ****************************** 

Segment  Outflow  (cfs)  +0.77      .0.90  *********** 

Accretion  Temp.  (°F)  -1.22      +1.24  ************** 

Width's  A  Term  (s/ft2)  -0.22      +0.23*** 

B  Term  where  W=A*Q**B  -0.16      +0.15** 

Manning's  n  +0.00      +0.00 

a   ■      Tprviperntiire  (°F\  -9   38  +^   05    **************************** 

Relative  Humidity  (%)  -0.36      +0.36  **** 

Wind  Speed  (mph)  +0.13      -0.13** 

Ground  Temperature  (°F)  -0.12      +0.12* 

Thermal  gradient  (j/m2/s/C)        +0.03      -0.03 
Possible  Sun  (%)  -0.15      +0.22*** 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)  -0.01      +0.01 

West  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 
Vegetation  Height  (ft)  +0.03      -0.04 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.04      -0.04 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  72.34°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.62      +0.62  ******* 

Inflow  Temperature  (°F)  -1.97      +2.16  ************************* 

Segment  Outflow  (cfs)  +0.84      -0.96  *********** 

Accretion  Temp.  (°F)  -1.03      +1.04  ************ 

Width's  A  Term  (s/ft2)  -0.49      +0.52  ****** 

B  Term  where  W  =  A*Q**B  -0.36      +0.35**** 

Manning's  n  +0.21      -0.24*** 

Air  Temnerature  (°F)  -2  55      +2  26  ****************************** 

Relative  Humidity  (%)  -0.35      +0.35**** 

Wind  Speed  (mph)  +0.21      -0.22*** 

Ground  Temperature  (°F)  -0.13      +0.13* 

Thermal  gradient  (j/m2/s/C)        +0.04      -0.04  * 
Possible  Sun  (%)  -0.43      +0.57  ******* 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.03      +0.03 

West  Side: 

Topographic  Altitude  (degrees)     +0.06      -0.06  * 
Vegetation  Height  (ft)  +0.08      -0.09  * 

Vegetation  Crown  (ft)  +0.05      -0.05  * 

Vegetation  Offset  (ft)  -0.03      +0.03 


H-48  SSTEMP  Model 
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Vegetation  Density  (%)  +0.17      -0.17** 
East  Side: 

Topographic  Altitude  (degrees)     +0.05      -0.04  * 

Vegetation  Height  (ft)  +0.04     -0.04 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.09      -0.09  * 


SSTEMP  Model 
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Scenario  5.  Modeling  using  output  from  MT4 11006  030  -  Scenario  5  and  increase  vegetation 
density  in  segment  MT41I006  020* 

'SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "34.000" 

'English",  "Inflow  Temperature  (°F)",  "67.910" 

•English",  "Segment  Outflow  (cfs)",  "48.000" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "5.920" 

'English".  "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

'English",         "  B  Term  where  W  =  A*Q**B",        "0.190" 
'English",  "Manning's  n",  "0.030" 

'English",  "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

'English".  "Wind  Speed  (mph)",  "7.100" 

•English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",  "Total  Shade  (%)",  "47.689" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",         "Topographic  Altitude  (degrees)",  "25.000" 
'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "75.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "60.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)", "Unchecked" 
'Solar  Radiation", "Disabled" 
'Total  Shade","Disabled" 
•Month/day","08/07" 

"Predicted  Mean  (°F)  =  65.33" 

"Estimated  Maximum  (°F)  =  70.04" 

"Approximate  Minimum  (°F)  =  60.63" 

"Mean  Equilibrium  (°F)  =  68.76" 

"Maximum  Equilibrium  (°F)  =  75.82" 

"Minimum  Equilibrium  (°F)  =  61.70" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  65.33°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs)  -0.71      +0.71  ******** 

Inflow  Temoerature  (°F)  -2  36      +2  59  ****************************** 

Segment  Outflow  (cfs)  +0.72      .0.84  ********** 

Accretion  Temp.  (°F)  -1.25      +1.27  *************** 

Width's  A  Term  (s/ft2)  -0.20      +0.20  ** 

B  Term  where  W  =  A*Q**B  -0.15      +0.14** 

Manning's  n  +0.00      +0.00 

Air  Temrjerature  (°F)  -2  35      +2  03  *************************** 

Relative  Humidity  (%)  -0.35      +0.38**** 

Wind  Speed  (mph)  +0.11      -0.12* 

Ground  Temperature  (°F)  -0. 12      +0.11* 

Thermal  gradient  (j/m7s/C)        +0.02      -0.02 
Possible  Sun  (%)  -0.11      +0.16** 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)         -0.01      +0.01 
West  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.02 
Vegetation  Height  (ft)  +0.04      -0.05  * 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.09      -0.09  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.04      -0.04  * 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.12      -0.12* 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  70.04°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.65      +0.65  ******** 

Inflow  Temperature  f°F)  -2  07      +2  27  *************************** 

Segment  Outflow  (cfs)  +0.77      -0.89  *********** 

Accretion  Temp.  (°F)  -1.10      +1.11  ************* 

Width's  A  Term  (s/ft2)  -0.49      +0.5 1  ****** 

B  Term  where  W  =  A*Q**B  -0.36      +0.34**** 

Manning's  n  +0.17      -0.19** 

Relative  Humidity  (%)  -0.34      +0.38  **** 

Wind  Speed  (mph)  +0.16      -0.17** 

Ground  Temperature  (°F)  -0.13      +0.13* 

Thermal  gradient  (j/m2/s/C)        +0.04     -0.04 
Possible  Sun  (%)  -0.33      +0.43  ***** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)         -0.02      +0.01 
West  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.04 
Vegetation  Height  (ft)  +0.09      -0.11* 

Vegetation  Crown  (ft)  +0.06      -0.07  * 
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Vegetation  Offset  (ft)  -0.04      +0.04  * 

Vegetation  Density  (%)  +0.21      -0.21** 
East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.02 

Vegetation  Height  (ft)  +0.1 1      -0. 1 1  * 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.04      +0.04 

Vegetation  Density  (%)  +0.28      -0.28  *** 


H-52  SSTEMP  Model 


"Segment  Inflow  (cfs)", 

"34.000" 

"Inflow  Temperature  (°F)", 

"64.980" 

"Segment  Outflow  (cfs)", 

"48.000" 

"Accretion  Temp.  (°F)", 

"55.000" 

"Latitude  (degrees)", 

"46.700" 

"Segment  Length  (mi)", 

"5.920" 

"Upstream  Elevation  (ft)". 

"3705.00" 

"Downstream  Elevation  (ft)' 

"3650.00" 

"Width's  A  Term  (s/ft2)", 

"14.800" 

"  B  Term  where  W  =  A*Q**B",        "0.190" 

"Manning's  n", 

'0.030" 

"Air  Temperature  (°F)", 

"78.730" 

"Relative  Humidity  (%)", 

"32.500" 

"Wind  Speed  (mph)". 

"7.100" 

Appendix  H Lake  Helena  Watershed  Planning  Area 

Scenario  6.  Modeling  using  output  from  MT41I006  030  -  Scenario  7* 

'SSTEMP  (2.0.8)  " 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English", 

'English",         "Ground  Temperature  (°F)",  "55.000" 

'English",         "Thermal  gradient  (j/m2/s/C)",      "  1 .650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",         "Dust  Coefficient",  "5.000" 

'English",         "Ground  Reflectivity  (%)",         "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",         "Total  Shade  (%)",  "29.369" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",         "Vegetation  Height  (ft)",  "25.000" 

'English",         "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",         "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",         "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "20.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 

'  Maximum  Air  Temp  (°F)", "Unchecked" 

'Solar  Radiation", "Disabled" 

'Total  Shade","Disabled" 

'Month/day","08/07" 

"Predicted  Mean  (°F)  =  65.22" 

"Estimated  Maximum  (°F)  =  71.43" 

"Approximate  Minimum  (°F)  =  59.02" 

"Mean  Equilibrium  (°F)  =  70.96" 

"Maximum  Equilibrium  (°F)  =  79.31" 

"Minimum  Equilibrium  (°F)  =  62.62" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  65.22°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


SSTEMP  Model  H-53 
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Segment  Inflow  (cfs)  -0.56      +0.56  ******* 

Inflow  Temnerature  (°F}  -2  ^4      +2  54  ****************************** 

Segment  Outflow  (cfs)  +0.68      -0.80  ********* 

Accretion  Temp.  (°F)  -1.19      +1 .21  ************** 

Width's  A  Term  (s/ft2)  -0.29      +0.29*** 

B  Term  where  W  =  A*Q**B  -0.21      +0.20** 

Manning's  n  +0.00      +0.00 

A  :_  Tpningratiirg  (°T*\  -2  40        +2  07  **************************** 

Relative  Humidity  (%)  -0.36      +0.36  **** 

Wind  Speed  (mph)  +0.10      -0.10* 

Ground  Temperature  (°F)  -0.12      +0.12* 

Thermal  gradient  (j/m2/s/C)        +0.02      -0.02 
Possible  Sun  (%)  -0.16      +0.22*** 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)  -0.01      +0.01 

West  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 
Vegetation  Height  (ft)  +0.03      -0.04 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.04      -0.04 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  71.43°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.50      +0.50  ****** 

Inflow  Temperature  (°F)  -1.97      +2.14  ************************* 

Segment  Outflow  (cfs)  +0.77      -0.88  ********** 

Accretion  Temp.  (°F)  -1.01      +1.02  ************ 

Width's  A  Term  (s/ft2)  -0.55      +0.59  ******* 

B  Term  where  W=A*Q**B  -0.41      +0.39***** 

Manning's  n  +0.22      -0.25  *** 

Air  Temoerature  f°F)  -2  58      +2  28  ****************************** 

Relative  Humidity  (%)  -0.35      +0.36  **** 

Wind  Speed  (mph)  +0.19      -0.20** 

Ground  Temperature  (°F)  -0. 13      +0.13* 

Thermal  gradient  (j/m2/s/C)        +0.04      -0.04 
Possible  Sun  (%)  -0.44      +0.58  ******* 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.03      +0.03 

West  Side: 

Topographic  Altitude  (degrees)     +0.06      -0.06  * 
Vegetation  Height  (ft)  +0.08      -0.09  * 

Vegetation  Crown  (ft)  +0.05      -0.06  * 

Vegetation  Offset  (ft)  -0.04      +0.04 
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Vegetation  Density  (%)  +0.17      -0. 1 7  *  * 
East  Side: 

Topographic  Altitude  (degrees)     +0.05      -0.05  * 

Vegetation  Height  (ft)  +0.04     -0.04 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.10      -0.10* 


SSTEMP  Model 
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Scenario  7.  Modeling  using  output  from  MT4 11006  030  -  Scenario  7  and  increase  vegetation 
density  in  segment  MT4 11006  020* 

'SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "34.000" 

'English",  "Inflow  Temperature  (°F)",  "64.980" 

'English",  "Segment  Outflow  (cfs)",  "48.000" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "5.920" 

'English",  "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.190" 

'English",  "Manning's  n",  "0.030" 

'English",  "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",  "Total  Shade  (%)",  "47.689" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "75.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "60.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation'7'Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  64.24" 

"Estimated  Maximum  (°F)  =  69.08" 

"Approximate  Minimum  (°F)  =  59.41" 

"Mean  Equilibrium  (°F)  =  68.76" 

"Maximum  Equilibrium  (°F)  =  75.82" 

"Minimum  Equilibrium  (°F)  =  61.70" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  64.24°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs)  -0.56      +0.56  ******* 

Segment  Outflow  (cfs)  +0.63      .0.74  ********* 

Accretion  Temp.  (°F)  -1.22      +1.24  *************** 

Width's  A  Term  (s/ft2)  -0.26     +0.27*** 

B  Term  where  W  =  A*Q**B  -0.19      +0.18** 

Manning's  n  +0.00      +0.00 

Relative  Humidity  (%)  -0.35      +0.35**** 

Wind  Speed  (mph)  +0.09      -0.09  * 

Ground  Temperature  (°F)  -0.12      +0.12* 

Thermal  gradient  (j/m2/s/C)       +0.02      -0.02 
Possible  Sun  (%)  -0. 1 1      +0.16** 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)         -0.01      +0.01 
West  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.02 
Vegetation  Height  (ft)  +0.04      -0.05  * 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.09      -0.09  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.05      -0.05  * 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.12      -0.12* 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  69.08°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.52      +0.52  ****** 

Segment  Outflow  (cfs)  +0.70      -0.80  ********* 

Accretion  Temp.  (°F)  -1.07      +1.09  ************* 

Width's  A  Term  (s/ft2)  -0.55      +0.58  ******* 

B  Term  where  W  =  A*Q**B  -0.41      +0.39***** 

Manning's  n  +0.18      -0.20** 

Air  TemDerature  (°F)  -2  56      +2  25  ****************************** 

Relative  Humidity  (%)  -0.35      +0.35**** 

Wind  Speed  (mph)  +0.14     -0.15** 

Ground  Temperature  (°F)  -0. 13      +0.13* 

Thermal  gradient  (j/m2/s/C)        +0.04      -0.04 
Possible  Sun  (%)  -0.34      +0.44***** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)  -0.02      +0.01 

West  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.04 
Vegetation  Height  (ft)  +0.09      -0.12* 

Vegetation  Crown  (ft)  +0.07      -0.07  * 
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** 


Vegetation  Offset  (ft)  -0.04      +0.04  * 

Vegetation  Density  (%)  +0.21      -0.21 
East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.02 

Vegetation  Height  (ft)  +0. 11      -0. 1 1  * 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.04      +0.04 

Vegetation  Density  (%)  +0.29      -0.29*** 
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Scenario  8.  Modeling  using  output  from  MT41I006  030  -  Scenario  8* 

'SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "34.000" 

'English",  "Inflow  Temperature  (°F)",  "64.100" 

'English",  "Segment  Outflow  (cfs)",  "48.000" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "5.920" 

'English",  "Upstream  Elevation  (ft)",         "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.190" 

'English",  "Manning's  n",  "0.030" 

'English",  "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

'English",         "Wind  Speed  (mph)",  "7.100" 

'English",         "Ground  Temperature  (°F)",         "55.000" 
'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English".         "Total  Shade  (%)",  "29.369" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",         "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "60.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",         "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "20.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
•Month/day","08/07" 

"Predicted  Mean  (°F)  =  64.89" 

"Estimated  Maximum  (°F)  =  71.15" 

"Approximate  Minimum  (°F)  =  58.63" 

"Mean  Equilibrium  (°F)  =  70.96" 

"Maximum  Equilibrium  (°F)  =  79.31" 

"Minimum  Equilibrium  (°F)  =  62.62" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  64.89°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs)  -0.51      +0.51  ****** 

Inflow  Temnenture  (°F)  -2  34      +2  53  ****************************** 

Segment  Outflow  (cfs)  +0.66      .0.77  ********* 

Accretion  Temp.  (°F)  -1.19      +1.20  ************** 

Width's  A  Term  (s/ft2)  -0.3 1      +0.3 1  **** 

B  Term  where  W  =  A*Q**B  -0.22      +0.21*** 

Manning's  n  +0.00      +0.00 

Air  Temnerature  f°Fl  -2  41       +2  08  ***************************** 

Relative  Humidity  (%)  -0.36      +0.36**** 

Wind  Speed  (mph)  +0.09      -0. 1 0  * 

Ground  Temperature  (°F)  -0. 12      +0.12* 

Thermal  gradient  (j/m2/s/C)        +0.02      -0.02 
Possible  Sun  (%)  -0.16      +0.22*** 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)  -0.01      +0.01 

West  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 
Vegetation  Height  (ft)  +0.03      -0.04 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 
Vegetation  Height  (ft)  +0.02      -0.02 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.04      -0.04 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  7 1 .  15°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.46      +0.46  ***** 

Segment  Outflow  (cfs)  +0.75      -0.85  ********** 

Accretion  Temp.  (°F)  -1.00      +1.02  ************ 

Width's  A  Term  (s/ft2)  -0.57      +0.61  ******* 

B  Term  where  W  =  A*Q**B  -0.42      +0.41***** 

Manning's  n  +0.22      -0.25  *** 

Relative  Humidity  (%)  -0.35      +0.36**** 

Wind  Speed  (mph)  +0.18      -0.19** 

Ground  Temperature  (°F)  -0. 13      +0. 1 3  * 

Thermal  gradient  (j/m2/s/C)        +0.04      -0.04 
Possible  Sun  (%)  -0.44      +0.58  ******* 

Dust  Coefficient  +0.03      -0.03 

Ground  Reflectivity  (%)  -0.03      +0.03 

Segment  Azimuth  (degrees)  -0.03      +0.03 

West  Side: 

Topographic  Altitude  (degrees)     +0.06      -0.06  * 
Vegetation  Height  (ft)  +0.08      -0.10* 

Vegetation  Crown  (ft)  +0.05      -0.06  * 

Vegetation  Offset  (ft)  -0.04      +0.04 
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Vegetation  Density  (%)  +0.17      -0. 1 7  *  * 
East  Side: 

Topographic  Altitude  (degrees)     +0.05      -0.05  * 

Vegetation  Height  (fit)  +0.04      -0.04 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.10      -0.10* 
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Scenario  9.  Modeling  using  output  from  MT4 1 1006  030  -  Scenario  8  and  increase  vegetation 
density  in  segment  MT4 11006  020* 

'SSTEMP  (2.0.8)  " 

'English",  "Segment  Inflow  (cfs)",  "34.000" 

'English",  "Inflow  Temperature  (°F)",  "64.100" 

'English",  "Segment  Outflow  (cfs)",  "48.000" 

'English",  "Accretion  Temp.  (°F)",  "55.000" 

'English",  "Latitude  (degrees)",  "46.700" 

•English",  "Segment  Length  (mi)",  "5.920" 

'English",  "Upstream  Elevation  (ft)",  "3705.00" 

'English",  "Downstream  Elevation  (ft)",        "3650.00" 

'English",  "Width's  A  Term  (s/ft2)",  "14.800" 

'English",  "  B  Term  where  W  =  A*Q**B",        "0.190" 

'English",  "Manning's  n",  "0.030" 

'English",  "Air  Temperature  (°F)",  "78.730" 

'English",  "Relative  Humidity  (%)",  "32.500" 

'English",  "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

'English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

'English",  "Possible  Sun  (%)",  "90.000" 

'English",  "Dust  Coefficient",  "5.000" 

'English",  "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.297" 

'English",  "Total  Shade  (%)",  "47.689" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",  "Topographic  Altitude  (degrees)",  "25.000" 

'English",  "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "  1 5.000" 

'English",  "Vegetation  Offset  (ft)",  "5.000" 

'English",  "Vegetation  Density  (%)",  "75.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "60.000" 

'English",  "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation","Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  63.91" 

"Estimated  Maximum  (°F)  =  68.79" 

"Approximate  Minimum  (°F)  =  59.03" 

"Mean  Equilibrium  (°F)  =  68.76" 

"Maximum  Equilibrium  (°F)  =  75.82" 

"Minimum  Equilibrium  (°F)  =  61.70" 

Sensitivity  for  mean  temperature  values  (10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  63.9 1°F 

Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 
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Segment  Inflow  (cfs)  -0.52      +0.52  ****** 

Inflow  Temnerature  (°F)  -2  36      +2  5S  ****************************** 

Segment  Outflow  (cfs)  +0.60      .0.70  ******** 

Accretion  Temp.  (°F)  -1.22      +1 .23  *************** 

Width's  A  Term  (s/ft2)  -0.28      +0.29  *** 
B  Term  where  W  =  A*Q**B          -0.21      +0.19** 

Manning's  n  +0.00      +0.00 

Relative  Humidity  (%)  -0.35      +0.35**** 

Wind  Speed  (mph)  +0.08      -0.08  * 

Ground  Temperature  (°F)  -0.12      +0.12* 

Thermal  gradient  (j/m2/s/C)       +0.02      -0.02 
Possible  Sun  (%)  -0.11      +0. 1 6  *  * 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)  -0.01      +0.01 

West  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.02 
Vegetation  Height  (ft)  +0.04      -0.05  * 

Vegetation  Crown  (ft)  +0.03      -0.03 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.09      -0.09  * 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.05      -0.05  * 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.02      +0.02 

Vegetation  Density  (%)  +0.12      -0.12* 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  68.79°F 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.48      +0.48  ****** 

J  ,  -  J  1 1^11/     I  &TXyY\f*rc\  1 1 1  Yf*   1      h  1  /    (it  -f-  /     /  ^L    ************************** 

Segment  Outflow  (cfs)  +0.67      -0.77  ********* 

Accretion  Temp.  (°F)  -1.07      +1.08  ************* 

Width's  A  Term  (s/ft2)  -0.57      +0.60  ******* 

B  Term  where  W  =  A*Q**B         -0.42      +0.41***** 
Manning's  n  +0.18      -0.20** 

Ajr  TemDerature  (°¥)  -2  57      +2  26  ****************************** 

Relative  Humidity  (%)  -0.35      +0.35**** 

Wind  Speed  (mph)  +0.13      -0.14** 

Ground  Temperature  (°F)  -0.13      +0.13* 

Thermal  gradient  (j/m7s/C)        +0.04      -0.04 
Possible  Sun  (%)  -0.34      +0.44***** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02     +0.02 

Segment  Azimuth  (degrees)  -0.02      +0.01 

West  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.04 
Vegetation  Height  (ft)  +0.09      -0.12* 

Vegetation  Crown  (ft)  +0.07      -0.07  * 
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Vegetation  Offset  (ft)  -0.04      +0.04  * 

Vegetation  Density  (%)  +0.21      -0.21  ** 
East  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.02 

Vegetation  Height  (ft)  +0. 11      -0.11* 

Vegetation  Crown  (ft)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.04      +0.04 

Vegetation  Density  (%)  +0.29      -0.29*** 


H-64  SSTEMP  Model 


Appendix  H Lake  Helena  Watershed  Planning  Area 

Scenario  10.  Modeling  using  output  from  MT41I006  030  -  Scenario  8  and  increase  vegetation 
density  in  segment  MT411006  020  but  model  only  to  Sierra  Road* 

SSTEMP  (2.0.8)" 
'NoName" 

'English",         "Segment  Inflow  (cfs)",  "34.000" 

'English",  "Inflow  Temperature  (°F)",  "64.100" 

'English",  "Segment  Outflow  (cfs)",  "37.500" 

'English",         "Accretion  Temp.  (°F)",  "55.000" 

'English",         "Latitude  (degrees)",  "46.700" 

'English",  "Segment  Length  (mi)",  "2.620" 

'English",         "Upstream  Elevation  (ft)",  "3705.00" 

'English",         "Downstream  Elevation  (ft)",        "3680.00" 
'English",         "Width's  A  Term  (s/ft2)",  "14.800" 

"English",         "  B  Term  where  W  =  A*Q**B",        "0.190" 
'English",  "Manning's  n",  "0.031" 

"English",         "Air  Temperature  (°F)",  "78.730" 

'English",         "Relative  Humidity  (%)",  "32.500" 

'English",         "Wind  Speed  (mph)",  "7.100" 

'English",  "Ground  Temperature  (°F)",  "55.000" 

"English",  "Thermal  gradient  (j/m2/s/C)",      "1.650" 

•English",         "Possible  Sun  (%)",  "90.000" 

'English",         "Dust  Coefficient",  "5.000" 

'English",         "Ground  Reflectivity  (%)",  "25.000" 

'English",  "Solar  Radiation  (Langleys/d)",     "630.326" 

'English",         "Total  Shade  (%)",  "48.156" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'West  Side  Variables" 

'English",         "Topographic  Altitude  (degrees)",  "25.000" 
•English",         "Vegetation  Height  (ft)",  "25.000" 

'English",  "Vegetation  Crown  (ft)",  "15.000" 

'English",         "Vegetation  Offset  (ft)",  "5.000" 

'English",         "Vegetation  Density  (%)",  "75.000" 

'East  Side  Variables" 

'English",  "Segment  Azimuth  (degrees)",        "15.000" 

'English",  "Topographic  Altitude  (degrees)",  "35.000" 

'English",  "Vegetation  Height  (ft)",  "10.000" 

'English",  "Vegetation  Crown  (ft)",  "5.000" 

'English",  "Vegetation  Offset  (ft)",  "60.000" 

'English",         "  Maximum  Air  Temp  (°F)",  "83.722" 

'Dam  at  Head  of  Segment", "Unchecked" 
'  Maximum  Air  Temp  (°F)","Unchecked" 
'Solar  Radiation", "Disabled" 
'Total  Shade","Disabled" 
'Month/day","08/07" 

"Predicted  Mean  (°F)  =  64.49" 

"Estimated  Maximum  (°F)  =  69.64" 

"Approximate  Minimum  (°F)  =  59.35" 

"Mean  Equilibrium  (°F)  =  68.70" 

"Maximum  Equilibrium  (°F)  =  75.73" 

"Minimum  Equilibrium  (°F)  =  61.68" 

Sensitivity  for  mean  temperature  values  ( 10%  variation)      SSTEMP  (2.0.8) 
Original  mean  temperature  =  64.49°F 

Temperature  change  (°F) 
if  variable  is: 


SSTEMP  Model  H-65 
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Variable  Decreased  Increased    Relative  Sensitivity 


Segment  Inflow  (cfs)  -0.70      +0.73  ***** 

Inflow  TeniDerature  t°F)  -4  25      +4  43  ****************************** 

Segment  Outflow  (cfs)  +0.74      -0.79  ***** 

Accretion  Temp.  (°F)  -0.43      +0.44*** 

Width's  A  Term  (s/ft2)  -0.16      +0.17* 

B  Term  where  W  =  A*Q**B  -0.12      +0.11* 

Manning's  n  +0.00      +0.00 

Air  Temperature  (°F)  -1.46      +1.26  ********** 

Relative  Humidity  (%)  -0.22      +0.22  * 

Wind  Speed  (mph)  +0.05      -0.05 

Ground  Temperature  (°F)  -0.07      +0.07 

Thermal  gradient  (j/m2/s/C)        +0.01      -0.01 
Possible  Sun  (%)  -0.07      +0.10* 

Dust  Coefficient  +0.01      -0.01 

Ground  Reflectivity  (%)  -0.01      +0.01 

Segment  Azimuth  (degrees)  0.00      +0.00 

West  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.02      -0.03 

Vegetation  Crown  (ft)  +0.02      -0.02 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.06      -0.06 

East  Side: 

Topographic  Altitude  (degrees)     +0.01      -0.01 
Vegetation  Height  (ft)  +0.03      -0.03 

Vegetation  Crown  (ft)  +0.01      -0.01 

Vegetation  Offset  (ft)  -0.01      +0.01 

Vegetation  Density  (%)  +0.07      -0.07  * 

Sensitivity  for  maximum  temperature  values  (10%  varaition)      SSTEMP  (2.0.8) 
Original  maximum  temperature  =  69.64CF 
Temperature  change  (°F) 
if  variable  is: 
Variable  Decreased  Increased    Relative  Sensitivity 

Segment  Inflow  (cfs)  -0.64      +0.66  ***** 

Inflow  Temperature  (°F)  -3  67      +3  8^  ****************************** 

Segment  Outflow  (cfs)  +0.79      .0.84  ******* 

Accretion  Temp.  (°F)  -0.37      +0.38  *** 

Width's  A  Term  (s/ft2)  -0.48      +0.51**** 

B  Term  where  W  =  A*Q**B         -0.34      +0.33  *** 
Manning's  n  +0.17      -0.19* 

Air  Temperature  (°F)  -1.78      +1.58  ************** 

Relative  Humidity  (%)  -0.23      +0.23** 

Wind  Speed  (mph)  +0.12      -0.13* 

Ground  Temperature  (°F)  -0.09      +0.09  * 

Thermal  gradient  (j/m2/s/C)        +0.03      -0.03 
Possible  Sun  (%)  -0.3 1      +0.40  *** 

Dust  Coefficient  +0.02      -0.02 

Ground  Reflectivity  (%)  -0.02      +0.02 

Segment  Azimuth  (degrees)         -0.01      +0.01 
West  Side: 

Topographic  Altitude  (degrees)     +0.03      -0.03 
Vegetation  Height  (ft)  +0.09      -0.10* 
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Vegetation  Crown  (ft)  +0.06      -0.06 

Vegetation  Offset  (ft)  -0.04     +0.04 

Vegetation  Density  (%)  +0. 1 9      -0. 1 9  ** 
East  Side: 

Topographic  Altitude  (degrees)     +0.02      -0.02 

Vegetation  Height  (ft)  +0.10      -0.10* 

Vegetation  Crown  (fit)  +0.04      -0.04 

Vegetation  Offset  (ft)  -0.04      +0.04 

Vegetation  Density  (%)  +0.26      -0.26** 


Mixing  water  equation  used  to  calculate  inflow  temperature 


SSTEMP  Model 
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Land  Cover  Classes: 

Water 

1 1  Open  Water 

12  Perennial  Ice/Snow 

Developed 

21  Low  Intensity  Residential 

22  High  Intensity  Residential 

23  Commercial/Industrial/Transportation 

Barren 

31  Bare  Rock/Sand/Clay 

32  Quarries/Strip  Mines/Gravel  Pits 

33  Transitional 

Vegetated;  Natural  Forested  Upland 

41  Deciduous  Forest 

42  Evergreen  Forest 

43  Mixed  Forest 

Shrubland 
51  Shrubland 

Non-natural  Woody 

61  Orchards  /Vineyards/Other 

Herbaceous  Upland 

71  Grasslands/Herbaceous 

Herbaceous  Planted/Cultivated 

81  Pasture/Hay 

82  Row  Crops 

83  Small  Grains 

84  Fallow 

85  Urban/Recreational  Grasses 

Wetlands 

91  Woody  Wetlands 

92  Emergent  Herbaceous  Wetlands 
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Land  Cover  Classification  System  Land  Cover  Class  Definitions: 

Water  -  All  areas  of  open  water  or  permanent  ice/snow  cover. 

11.  Open  Water  -  areas  of  open  water,  generally  with  less  than  25  percent  or  greater  cover  of  water  (per 
pixel). 

12.  Perennial  Ice/Snow  -  All  areas  characterized  by  year-long  cover  of  ice  and/or  snow. 

Developed  -  areas  characterized  by  high  percentage  (approximately  30  percent  or  greater)  of  constructed 
materials  (e.g.  asphalt,  concrete,  buildings,  etc). 

21.  Low  Intensity  Residential  -  Includes  areas  with  a  mixture  of  constructed  materials  and 
vegetation.  Constructed  materials  account  for  30-80  percent  of  the  cover.  Vegetation  may  account  for  20 
to  70  percent  of  the  cover.  These  areas  most  commonly  include  single-family  housing  units.  Population 
densities  will  be  lower  than  in  high  intensity  residential  areas. 

22.  High  Intensity  Residential  -  Includes  heavily  built  up  urban  centers  where  people  reside  in  high 
numbers.  Examples  include  apartment    complexes  and  row  houses.  Vegetation  accounts  for  less  than  20 
percent  of  the  cover.  Constructed  materials  account  for  80-100  percent  of  the  cover. 

23.  Commercial/Industrial/Transportation  -  Includes  infrastructure  (e.g.  roads,  railroads,  etc.)  and  all 
highways  and  all  developed  areas  not  classified  as  High  Intensity  Residential. 

Barren  -  Areas  characterized  by  bare  rock,  gravel,  sad,  silt,  clay,  or  other  earthen  material,  with  little 
or  no  "green"  vegetation  present  regardless  of  its  inherent  ability  to  support  life.  Vegetation,  if  present,  is 
more  widely  spaced  and  scrubby  than  that  in  the  "green"  vegetated  categories;  lichen  cover  may  be 
extensive. 

31.  Bare  Rock/Sand/Clay  -  Perennially  barren  areas  of  bedrock,  desert,  pavement,  scarps,  talus,  slides, 
volcanic  material,  glacial  debris,  and  other  accumulations  of  earthen  material. 

32.  Quarries/Strip  Mines/Gravel  Pits  -  Areas  of  extractive  mining  activities  with  significant  surface 
expression. 

33.  Transitional  -  Areas  of  sparse  vegetative  cover  (less  than  25  percent  that  are  dynamically  changing 
from  one  land  cover  to  another,  often  because  of  land  use  activities.  Examples  include  forest  clearcuts,  a 
transition  phase  between  forest  and  agricultural  land,  the  temporary  clearing  of  vegetation,  and  changes 
due  to  natural  causes  (e.g.  fire,  flood,  etc.) 


Forested  Upland  -  Areas  characterized  by  tree  cover  (natural  or  semi-natural  woody  vegetation, 
generally  greater  than  6  meters  tall);  Tree  canopy  accounts  for  25-100  percent  of  the  cover. 

41.  Deciduous  Forest  -  Areas  dominated  by  trees  where  75  percent  or  more  of  the  tree  species  shed 
foliage  simultaneously  in  response  to  seasonal  change. 

42.  Evergreen  Forest  -  Areas  characterized  by  trees  where  75  percent  or  more  of  the  tree  species 
maintain  their  leaves  all  year.  Canopy  is  never  without  green  foliage. 
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43.  Mixed  Forest  -  Areas  dominated  by  trees  where  neither  deciduous  nor  evergreen  species  represent 
more  than  75  percent  of  the  cover  present. 


Shrubland  -  Areas  characterized  by  natural  or  semi-natural  woody  vegetation  with  aerial  stems, 
generally  less  than  6  meters  tall  with  individuals  or  clumps  not  touching  to  interlocking.  Both  evergreen 
and  deciduous  species  of  true  shrubs,  young  trees,  and  trees  or  shrubs  that  are  small  or  stunted  because  of 
environmental  conditions  are  included. 

51.  Shrubland  -  Areas  dominated  by  shrubs;  shrub  canopy  accounts  for  25-100  percent  of  the  cover. 
Shrub  cover  is  generally  greater  than  25  percent  when  tree  cover  is  less  than  25  percent.  Shrub  cover  may 
be  less  than  25  percent  in  cases  when  the  cover  of  other  life  forms 

(e.g.  herbaceous  or  tree)  is  less  than  25  percent  and  shrubs  cover  exceeds  the  cover  of  the  other  life 
forms. 


Non-natural  Woody  -  Areas  dominated  by  non-natural  woody  vegetation;  non-natural  woody 
vegetative  canopy  accounts  for  25-100  percent  of  the  cover.  The  non-natural  woody  classification  is 
subject  to  the  availability  of  sufficient  ancillary  data  to  differentiate  non-natural  woody  vegetation  from 
natural  woody  vegetation. 

61.  Orchards  /Vineyards/Other  -  Orchards,  vineyards,  and  other  areas  planted  or  maintained  for  the 
production  of  fruits,  nuts,  berries,  or  ornamentals. 


Herbaceous  Upland  -  Upland  areas  characterized  by  natural  or  semi-  natural  herbaceous  vegetation; 
herbaceous  vegetation  accounts  for  75-100  percent  of  the  cover. 

71 .  Grasslands/Herbaceous  -  Areas  dominated  by  upland  grasses  and  forbs.  In  rare  cases,  herbaceous 
cover  is  less  than  25  percent,  but  exceeds  the  combined  cover  of  the  woody  species  present.  These  areas 
are  not  subject  to  intensive  management,  but  they  are  often  utilized  for  grazing. 


Planted/Cultivated  -  Areas  characterized  by  herbaceous  vegetation  that  has  been  planted  or  is 
intensively  managed  for  the  production  of  food,  feed,  or  fiber;  or  is  maintained  in  developed  settings  for 
specific  purposes.  Herbaceous  vegetation  accounts  for  75-100  percent  of  the  cover. 

81.  Pasture/Hay  -  Areas  of  grasses,  legumes,  or  grass-legume  mixtures  planted  for  livestock  grazing 
or  the  production  of  seed  or  hay  crops. 

82.  Row  Crops  -  Areas  used  for  the  production  of  crops,  such  as  corn,  soybeans,  vegetables,  tobacco, 
and  cotton. 

83.  Small  Grains  -  Areas  used  for  the  production  of  graminoid  crops  such  as  wheat,  barley,  oats,  and 
rice. 

84.  Fallow  -  Areas  used  for  the  production  of  crops  that  are  temporarily  barren  or  with  sparse 
vegetative  cover  as  a  result  of  being  tilled  in  a  management  practice  that  incorporates  prescribed 
alternation  between  cropping  and  tillage. 
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85.  Urban/Recreational  Grasses  -  Vegetation  (primarily  grasses)  planted  in  developed  settings  for 
recreation,  erosion  control,  or  aesthetic  purposes.  Examples  include  parks,  lawns,  golf  courses,  airport 
grasses,  and  industrial  site  grasses. 


Wetlands  -  Areas  where  the  soil  or  substrate  is  periodically  saturated  with  or  covered  with  water  as 
defined  by  Cowardin  et  al. 

91.  Woody  Wetlands  -  Areas  where  forest  or  shrubland  vegetation  accounts  for  25-100  percent  of  the 
cover  and  the  soil  or  substrate  is  periodically  saturated  with  or  covered  with  water. 

92.  Emergent  Herbaceous  Wetlands  -  Areas  where  perennial  herbaceous  vegetation  accounts  for  75- 
100  percent  of  the  cover  and  the  soil  or  substrate  is  periodically  saturated  with  or  covered  with  water. 
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